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Abstract: The future of 3 dimensional (3D) printing in orthodontics holds the potential to be 

nothing short of transformative, reshaping the landscape of dental care with unprecedented 
precision, efficiency, and customization. As technology advances, it is poised to 

revolutionize the design and manufacturing of orthodontic devices such as aligners, braces, 

and retainers—enabling treatments that are more precisely tailored to each patient's unique 
dental anatomy. With the ability to produce complex structures with remarkable accuracy, 

3D printing promises faster turnaround times, reduced costs, and more effective, predictable 

treatment outcomes. This shift toward digital workflows—incorporating advanced scanning, 
modeling, and fabrication technologies—will streamline orthodontic processes, making them 

faster, more efficient, and better suited to individual patient needs. The result will be 

enhanced patient satisfaction and superior clinical outcomes, with practitioners offering a 

level of personalization previously unimaginable. Embracing this technological evolution is 
essential for orthodontic professionals committed to staying at the forefront of their field, 

redefining care standards, and providing patients with the most precise, efficient, and 

personalized treatments available. 
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Introduction: The digital age has transformed many industries, and orthodontics is no exception, with 

3D printing at the forefront of this revolution. 3D printing, or additive manufacturing, allows for the 
creation of customized dental appliances by layering materials based on digital models, offering 

unprecedented precision and personalization (1). This technology has significantly improved the 

production of orthodontic appliances, such as aligners, retainers, braces, and models for treatment 
planning (2). Historically, creating orthodontic appliances involved taking molds, a process that could be 

uncomfortable and prone to inaccuracies (3). However, with the advent of 3D printing, orthodontic 

professionals can now use digital impressions to create highly accurate models of a patient’s teeth and 

jaws. This not only ensures a better fit but also enhances comfort for patients, making devices more 
personalized to their unique dental anatomy (4).The evolution of 3D printing, pioneered by Charles 

"Chuck" Hull in the 1980s, has led to faster, more precise, and cost-effective solutions in orthodontics. 

Hull's invention of the stereo lithographic 3D printer in 1986 marked the beginning of a technological 
transformation (5). Over time, new techniques such as Fused deposition modeling (FDM) by Scott Crump 

and inkjet printing for metal materials by Professor Ely Sachs in 1995 paved the way for the widespread 

use of 3D printing in various industries, including orthodontics (6).The key benefits of 3D printing in 
orthodontics include enhanced precision, reduced production costs, and faster manufacturing times. 

Traditional methods involved creating physical models from molds, which could take several weeks and 

lead to errors (7). With 3D printing, the process has become much more efficient, reducing the time 

between design and final product and minimizing patient wait times (8). Moreover, dental professionals 
can now produce custom appliances in-house, bypassing the need for external production, thus reducing 

costs. The rise of desktop 3D printers has made this technology more accessible, even to smaller 

practices, allowing them to offer high-quality, customized dental solutions (9). This accessibility has 
opened the door for enhanced patient care and streamlined orthodontic practices. Several 3D printing 

technologies are employed in orthodontics, each offering unique benefits. The most common types 

include [Figure 1] (10): 

 

Figure 1: Types of 3D printers in orthodontics 
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The first 3D printing technology developed, SLA uses an ultraviolet laser to 
cure liquid resin in layers, creating highly detailed and accurate objects. SLA printers are widely used in creating 
surgical guides, occlusal splints, clear aligners, and other orthodontic devices. 
 
 

Similar to SLA but with a key difference: instead of a laser, DLP uses a light source to cure the entire layer at once, 
significantly reducing printing time compared to SLA. DLP is often used for the production of clear aligners and 
other orthodontic appliances. 

This technology extrudes melted filament to build up layers of material. It is 

Fused Deposition  

Modeling (FDM): 

commonly used for creating durable prototypes and functional models, but it 

is less common for final dental appliances due to its lower resolution. 

This method uses inkjet technology to deposit layers of liquid photopolymer, which are cured by ultraviolet light. It is 
capable of producing highly detailed and multi-material parts, useful for creating complex orthodontic models. 

 

SLS uses a laser to fuse powdered material into solid objects. This method is often used for creating more durable 

components, such as metal parts for orthodontic appliances. 
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3D printing is revolutionizing orthodontics by offering more precise, customized, and efficient solutions. 

However, challenges remain, particularly in developing materials that closely mimic the natural properties 

of teeth, such as enamel and dentin. Durability, appearance, and long-term wear are critical concerns for 
orthodontic devices (11). Additionally, improving printing speed without sacrificing quality is an ongoing 

challenge. The integration of artificial intelligence (AI) and bioprinting presents exciting possibilities for 

overcoming these hurdles (12). AI-guided orthodontic treatments and the potential for creating living 
tissues for dental implants could significantly enhance personalization and effectiveness in care (13). As 

3D printing technology advances, it is reshaping orthodontics, providing less invasive, faster, and more 

efficient treatments. The continued development of AI, improved materials, and enhanced printing 

techniques will elevate the quality, durability, and precision of dental appliances. For dental professionals, 
staying current with these innovations—through collaboration with 3D printing companies and ongoing 

learning—is essential for improving patient outcomes and fostering future advancements. As 3D printing 

becomes more scalable and cost-effective, its widespread adoption will streamline production and 
distribution in orthodontics. Collaboration across sectors, including technology providers, dental 

practitioners, and research institutions, will drive innovation, while advancements in quality control, 

materials, and cyber security will ensure product safety and efficacy(14). 

Ultimately, the continued growth of 3D printing in orthodontics promises not only to enhance patient care 

but also to promote sustainability through more efficient and eco-friendly practices. This technological 
evolution is poised to drive economic growth in the dental industry and shape the future of orthodontic 

treatment. This review highlights 3D printing's transformative impact on orthodontics, enhancing 

precision, customization, efficiency, and patient care while addressing challenges (15). 
Research Methodology 

Using a descriptive and exploratory research approach, this study examined how 3D printing affects 

orthodontic treatment with an emphasis on patient satisfaction, accuracy, cost-effectiveness, and 

efficiency. A mixed-methods approach was used in the technique, including literature studies, 

experimental data, and primary data gathered via surveys and interviews. This all-encompassed approach 

guarantees a full comprehension of how 3D printing is changing orthodontic procedures and results. 

Data Collection 

Experimental investigations compared the accuracy, efficiency, and usefulness of 3D-printed models with 
conventional cast models were used to gather primary data. Digital calipers and scanning software were 

used to build and assess orthodontic devices, included as aligners, brackets, and retainers, with an 

emphasis on clinical performance, accuracy, and patient comfort. The development of 3D printing 
technology, important variables influencing accuracy (such as resin shrinkage and polymerization speed), 

and experimental results were all examined in a study of peer-reviewed papers, case studies, and clinical 

trials. 

Data Analysis 

To evaluate accuracy, efficiency, and other performance metrics between conventional and 3D-printed 

models, quantitative data from the experimental research were statistically analyzed. Comparative 

analyses and tests of the significance of observed differences were conducted using software tools such as 
SPSS. N Vivo software were used to thematically analyze qualitative data from surveys and interviews in 

order to find common patterns, obstacles, and advantages related to the use of 3D printing in orthodontics. 

Inclusion Criteria: 
The use of 3D printing in orthodontics was the subject of studies, experiments, or participation. 

Orthodontic professionals who had worked with digital processes, such as 3D scanning and printing, for 

at least a year were involved. Patients aged 12 years or older who received orthodontic treatment with 3D- 

printed equipment (such as aligners, brackets, and retainers) participated in the studies. Case studies, 
clinical trials, and peer-reviewed publications were released in the last ten years (2014–2024). Tools and 

methods using widely used 3D printing technologies, including DLP, Continuous Liquid Interface 
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Production (CLIP), and SLA, were utilized. Research on tyhe variables that influenced the precision, 

effectiveness, and patient satisfaction of 3D printing was conducted. 

Exclusion Criteria: 

Research into 3D printing's non-orthodontic uses, such as maxillofacial surgery or prosthodontics, 

focused on orthodontic professionals who had never used 3D printing technology or digital processes 

before. It also involved patients with health issues unrelated to orthodontics that may have affected how 
well they responded to therapy. The research or articles were not subjected to peer review or were 

published before 2014. The 3D printing methods or materials—like industrial-grade materials—that were 

unrelated to orthodontics were examined. 
Some studies did not provide enough information or did not directly compare conventional and 3D 

printing methods. 

Prisma flowchart of the study has been shown in [Figure 2] 
 

 

 

Figure 2: PRISMA flowchart 

Identification of studies via database and registers 
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Discussion: In orthodontics, traditional cast models are bulky, challenging to store, and difficult to 

replicate, while digital models provide enhanced precision for arch alignment and tooth movement 
planning. 3D-printed replicas improve upon the accuracy of traditional stone models, and intraoral digital 

scans increase patient cooperation by eliminating the need for conventional impressions (16).In 3D 

orthodontics, cast models and digital models are two approaches used to capture and analyze a patient's 
dental anatomy for treatment planning. They each have distinct advantages and limitations, which can 

influence the choice depending on the clinical context. [Table 1] depicts key differences between cast 

models and digital models (17-20). 

Table1: Comparison of cast models and digital models in 3D orthodontics 

Feature Cast models Digital models 

Definition Physical 3D models made from 
impressions and plaster 

Virtual 3D models created by 
digital scanning 

Speed Slow to create, takes more time Fast to create, scan done in 

minutes 

Accuracy Can be less accurate due to distortion Highly accurate and precise, 

less distortion 

Storage Takes up physical space, needs careful 

storage 

Easy to store, can be saved 

digitally and accessed anytime 

Patient comfort Impressions can cause discomfort or 

gagging 

More comfortable, no 

impression material needed 

Advanced tools Limited tools for analysis Allows advanced software for 

treatment planning and 

simulations 

Tactile feedback Can be touched and felt for detailed 

examination 

No tactile feedback, all viewed 

on a screen 

Environmental impact Uses plaster, alginate, or silicone that 

may not be eco-friendly 

Minimal waste, no physical 

materials needed 

Time-consuming Takes longer due to impression and 

casting process 

Quick scanning process saves 

time 

Inaccuracies Impressions can be distorted or 

inaccurate 

Very precise and consistent 

Cost Generally cheaper to use Expensive initial cost for 

scanners and software 

Learning curve Easy to use and familiar to most 

orthodontists 

Requires training to use 

scanning systems and software 

Technical issues 
No technical issues (physical models) Can encounter glitches or 

system issues 
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A study by Zhang et al. demonstrated that 3D-printed models with a 50 μm thickness were more accurate, 

with CLIP technology showing less variation compared to DLP (21). However, while traditional casts 
exhibited fewer volumetric changes, the 3D-printed models showed slightly lower accuracy in linear 

measurements, particularly in the posterior teeth. Despite these improvements, digital models have not 

completely supplanted conventional models (22). Accurate bracket placement, essential for optimal 
treatment, is enhanced by 3D-printed indirect bonding trays, which reduce working time and offer better 

precision compared to conventional poly vinyl siloxane trays, although they are less accurate for vertical 

transfers (23). CAD-CAM technology has also enabled the development of guided bonding tools that 

enhance bracket placement accuracy. 3D printing has revolutionized the production of orthodontic 
appliances, allowing for quicker and more precise fabrication of metal devices through laser metal 

sintering, reducing the dependence on traditional techniques like separator placement and impression 

taking (24). Common 3D-printed metal appliances include Hyrax-style rapid palatal expanders. Additive 
manufacturing has also made it possible to produce removable appliances such as Hawley’s retainers, 

diagnostic tools, and personalized patient-specific brackets that improve treatment efficiency (25). 

Looking ahead, 3D workflows are expected to continue advancing orthodontics, including the creation of 
attachments for impacted teeth and fixed twin blocks. However, resin-based appliances must undergo 

biocompatibility and cytotoxicity testing to ensure their safety and long-term durability (26). 

Factors affecting 3D printing accuracy: Dimensional inaccuracies in 3D printing are often caused by 

resin shrinkage during the process. The precision of 3D printed objects can be influenced by various 
factors, such as the speed and intensity of the polymerizing energy source, build direction and orientation, 

the positioning of objects on the platform, the arrangement of support structures, layer thickness, material 

shrinkage between layers, and post-processing methods [Figure 3] (27). 
 

Figure 3: Factors affecting 3D print accuracy 

Build Orientation: The accuracy and biocompatibility of 3D-printed products can be influenced by their 
build orientation. For instance, Gao et al. tested mandibular dentures at various angles and found that a 
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45° orientation yielded the most precise results (28). Similarly, Quintana et al. observed that the tensile 

stress and elasticity modulus of SLA-fabricated samples were dependent on the build orientation, with 
compressive strength being higher when layers were printed perpendicular to the applied load (29). On 

the other hand, Edelmann et al. reported that neither print orientation nor post-print curing had a notable 

effect on the precision of 3D-printed aligners (30). Additionally, Ko et al. identified a statistically 
significant interaction between 3D-printed model accuracy, build angle, and layer height (31). 

Layer thickness: The optimal layer thickness can vary depending on the 3D printing method used. While 

using fewer, thicker layers can speed up the printing process, it may reduce the level of precision. Studies 

have shown that using smaller layers with SLA technology can enhance the strength of the printed 
samples (32). Chock Lingam et al. concluded that a layer thickness of 100 μm was ideal for achieving the 

best results with a post-curing time of 60 minutes and vertical orientation (33). Similarly, Loflin et al. 

found that a 100 μm layer thickness provided optimal outcomes for orthodontic samples (34). 
Infill ratio: The infill ratio indicates the proportion of solid material within a 3D-printed object. In FDM, 

this ratio is adjusted by modifying the gap between the printed lines, which plays a crucial role in the 

printing process, more so than in other techniques (35). As Milde et al. explain, the infill percentage has a 
substantial impact on the compressive strength of FDM-printed items. Increased infill percentages 

improve strength, although when the infill rate is low, the design and structural considerations become 

more important for maintaining strength (36). 

Post-processing: It can improve the performance of printed samples, though it requires additional time 
and resources. Shrinkage and distortion of resin materials during SLA printing can be minimized through 

post-curing techniques, such as ultraviolet (UV) or microwave exposure, which enhance the material's 

elasticity and overall strength. Moreover, increasing the laser intensity can further bolster the printed 
sample's strength (37). 

Circular economy in 3D printing: While 3D printing focuses on precision and minimal waste, some 

degree of waste production is unavoidable in dental applications. The exact amount of waste generated 

from 3D printing in dentistry is not yet well-defined due to the technology's emerging nature. Examples 

of this waste include support structures used to prevent deformation and multiple 3D-printed models 
created during virtual design. Minimizing waste and advancing a circular economy is vital. One approach 

to this is recycling; however, there is limited data on recycling 3D printing waste. Common physical 

recycling techniques, such as shredding and reprocessing via melting or high-temperature decomposition, 
present challenges. Developing biodegradable polymers or using catalysts/solvents to assist in the 

degradation of 3D-printed dental products may offer a more sustainable alternative (38). 

Micro-electronic sensors for monitoring compliance: Micro-electronic sensors for tracking patient 

compliance have been effectively integrated into various devices, such as those used for sleep disorders, 
facemasks, active removable appliances, and long-term retainers in post-orthodontic treatment. These 

sensors are crucial for monitoring adherence to treatment protocols. Wearable technologies provide 

continuous, unobtrusive, and objective tracking of compliance, as well as the assessment of sleep 
disorders, jaw function, and parafunction using advanced 3D printed appliances (39). Devices that are 

lightweight and unobtrusive are keys for monitoring mandibular movement in natural settings, and when 

paired with micro sensors, they can help assess compliance in patients with obstructive sleep apnea. 
Although 3D printed orthodontic brackets, which incorporate light emitting diode (LED) lights and 

batteries to support bone regeneration, are still in the early stages of development, they show promise for 

future clinical use, pending further research and trials (40). Additionally, simulations and advanced 

software can assist dentists in creating more precise and innovative appliances. This is just the beginning, 
and the potential for 3D printing in dentistry is vast, with many exciting developments still to come (41). 

Expanding applications of 3D printing in dentistry: A diverse array of 3D printed dental products is 

now accessible, including surgical instruments, night guards, and beyond. Orthodontics is rapidly 
embracing innovative materials and advanced technologies, turning the fully equipped 3D orthodontic 

clinic into a tangible reality. The integration of state-of-the-art tools like intraoral and facial scanners, 
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digital X-rays, cone beam computed tomography (CBCT), and additive manufacturing has greatly 

enhanced treatment effectiveness, precision, consistency, and predictability (42). 
Types of 3D printed appliances for orthodontic practices: 
Orthodontic models: Digital models offer high validity, reliability, and reproducibility, making them a 

viable alternative to traditional plaster models. Rapid prototyping technology ensures multiple identical 
copies of a digital model without distortion or deformation. These printed models can be used for 

diagnostics, treatment planning, and manufacturing removable orthodontic devices, including aligners and 

retainers (43). 

Removable orthodontic appliances: This category encompasses a range of devices, including the simple 
Hawley retainer, more complex functional appliances like the activator and Twin Block, as well as sleep 

apnea devices. Pioneering work by Sassani et al. explored the use of Computer-aided design (CAD) and 

3D printing in the creation of removable acrylic orthodontic appliances (44). Further advancements 
include the production of Hawley retainers using intraoral scans obtained with TRIOS™ (3Shape), which 

eliminates the need for conventional impression methods (45). 

Pre-surgical nasoalveolar moulding (PNAM): The integration of digital technologies has also impacted 
treatments for patients with cleft lip and palate. CAD software allows clinicians to create appliances with 

greater efficiency, while reducing patient visits and treatment time. Shen et al. used CAD and 3D printing 

to design orthopedic devices based on Grayson and Cutting’s treatment protocol, yielding comparable 

results to traditional methods but with fewer clinic visits (46). 
Occlusal splints: Modern occlusal splints, used for temporomandibular disorders and asymmetries, are 

increasingly being manufactured using digital workflows. While initial work has used subtractive 

methods, 3D printed occlusal splints still require further clinical and scientific evaluation (47). 

Surgical templates for orthodontic miniscrews and miniplates: 3D printed surgical guides for the 
accurate placement of orthodontic miniscrews and miniplates have been created, along with techniques 

for tailoring miniplates through CAD and CBCT-based printed models (48). 

Anchorage reinforcement devices and space maintainers: These devices, used in interceptive 

orthodontics to prevent or address malocclusions in children, are now being fabricated using 3D metal 
printing. Examples include the transpalatal arch, hybrid Nance appliance, and lingual arch (49). 

Expansion appliances: Devices like rapid palatal expanders can be designed in various configurations 

and 3D printed for efficient treatment. Complex devices like the 3D printed Hyrax-Hayrake-Blue-grass 
combination appliance offer a mix of appliances for multiple treatment purposes (50). 

Fixed orthodontic appliances: Personalized, patient-specific orthodontic brackets are transforming 

treatment approaches. Companies such as light force orthodontics are leading the way by providing 3D 

printed brackets with optimized geometries to enhance tooth movement efficiency. Additionally, self- 
ligating and lingual brackets, as well as indirect bonding trays, are also customized using 3D printing 

technology (51). 

Mandibular positioning devices: Appliances like the Herbst device for anterior mandibular 

repositioning are now produced using 3D metal printing, ensuring precision and efficiency in orthodontic 
care (52). 

Clear aligners: By utilizing CAD software, orthodontists can create a series of aligners to achieve 

gradual tooth movement. Directly printed aligners crafted from materials such as dental light transmitting 
resin, provide benefits like excellent shape retention at elevated temperatures and enhanced durability in 

clinical use (53). 

Retainers: Clear and thermoformed retainers, commonly used in orthodontic practice, can be 3D printed 

with remarkable accuracy. Fixed lingual retainers, also 3D printed, provide superior customization (54). 
Recent advancements in 3D printing for orthodontics: The potential of 3D printing in orthodontics has 

expanded considerably, enabling more personalized treatment through the integration of advanced digital 

technologies. What was once a topic of debate has now become a cornerstone of modern orthodontic 

practices. With ongoing advancements in the field, exciting innovations are emerging, such as the 
integration of micro-electronic sensors into orthodontic appliances (55). These sensors enable continuous 
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monitoring of patient compliance, sleep disorders, and jaw function. The trend toward lightweight and 

discreet wearable devices is enhancing patient care and improving overall treatment outcomes. Various 
studies highlight the diverse range of 3D-printed devices that have undergone clinical trials, though few 

studies have rigorously evaluated their clinical effectiveness (56). Various researches reviewed various 

3D printing methods, including SLA, DLP, FDM, SLS, and binder jetting. SLA and DLP emerged as the 
most commonly used techniques, while the most frequently printed devices included models (55.5%), 

indirect bonding trays (19%), surgical splints for orthognathic surgery (16%), and direct-printed aligners 

(8%) (57). 

Around 91% of the studies concentrated on assessing the accuracy of 3D printers, primarily by evaluating 
trueness and precision through comparisons of STL data from reference and experimental models (58). 

Methods such as model analysis, linear and angular measurements, and occlusal fit were commonly used 

to evaluate accuracy. Overall, 3D printing has proven to streamline the production of orthodontic devices, 
offering improved precision (59). Tsolakis et al. reported that polyjet photopolymer technology achieved 

the highest accuracy, with minimal influence from layer height or model positioning (60). The study also 

found that 3D-printed clear aligners outperformed thermoformed ones in terms of accuracy, load 
resistance, and reduced deformation. Digital occlusal splints and surgical templates were also found to be 

more accurate, reliable, and efficient compared to conventional versions. Although digital and 3D-printed 

models have not entirely replaced traditional casts, they offer notable advantages in precision and 

efficiency (61). The accuracy of 3D-printed models is influenced by the type of printer and technology 
employed, emphasizing the importance of optimal design and post processing techniques to enhance 

strength and precision. Studies suggest that a layer thickness of 100 μm is ideal for achieving the best 

results (62). These findings reflect ongoing advancements in 3D printing for orthodontics, underscoring 
the technology's potential to improve treatment precision, efficiency, and customization. As the 

technology continues to develop, the future of orthodontics is likely to see more widespread integration of 

3D printing for everything from appliances to brackets, leading to even better treatment outcomes (63). 

[Table 2] summarizes key studies related to the use of 3D printing in orthodontics. 

Table 2: Key studies on 3D printing in orthodontics 

Study Key focus Findings/results Implications for the 

future 

Zhang et al. (2024) 

(64) 

Accuracy of 3D-printed 

models 

Found that 3D-printed 

models were accurate at 

a 50 μm thickness with 

lower variability in 

CLIP compared to DLP 

printing 

Suggests improved 

accuracy and reliability 

of 3D models for 

treatment planning 

Plattner et al. (2023) 

(65) 

3D-printed trays vs. 

traditional trays 

3D-printed trays 

reduced working time 

and were more precise 
than conventional Poly 

vinyl siloxane trays, 

except for vertical 
transfers 

Demonstrates that 3D 

printing improves 

efficiency and precision 
in orthodontic indirect 

bonding procedures 

Chaudhary et al. (2022) 

(66) 

Precision of 3D-printed 

trays 

Confirmed that 3D- 

printed trays provided 

more accuracy in 
horizontal transfers 

than traditional 

methods 

Highlights the potential 

for customization and 

improved bracket 
placement in 

orthodontics. 
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Xue et al. (2023) 

(67) 

CAD-CAM in guided 

bonding tools 

Developed a CAD- 

CAM system for 

precise bracket transfer 

using 3D-printed trays 

Future orthodontic 

workflows will 

integrate CAD-CAM 

with 3D printing to 
enhance accuracy in 

bracket placement. 

Bachour et al. (2022) 

(68) 

Linear vs. angular 

measurement accuracy 

in 3D-printed trays 

Found that 3D-printed 

trays were accurate for 

linear measurements 
but less precise for 

angular measurements 

Suggests the need for 

refinement in angular 

measurements, but 
confirms significant 

potential in linear 

applications. 

Sassani et al. (2021) 

(69) 

Removable acrylic 

orthodontic appliances 

First demonstration of 

CAD-CAM removable 

orthodontic appliances 
with 3D printing 

technology 

Paves the way for fully 

customized, 3D-printed 

removable appliances 
like retainers 

Al Moradi et al. (2024) 

(70) 

Use of 3D Printing in 

sleep apnea devices and 

activators 

Created andresen 

activators and sleep 

apnea appliances using 

CAD and 3D printing 

Demonstrates 

versatility in 

orthodontics, with 

applications extending 

to non-traditional 
devices like sleep apnea 

gear 

SLS technology studies 

(71) 

3D-printed metal 

appliances using laser 
sintering 

SLS used for creating 

metal orthodontic 
appliances such as 

palatal expanders 

Revolutionizes metal 

appliance 
manufacturing, 

improving precision 

and speed in creating 
complex appliances 

Hyrax expansion 
studies (72) 

3D-printed hyrax-style 
rapid palatal expansion 

appliances 

3D-printed hyrax 
expanders 

demonstrated efficient 

and rapid fabrication 
for orthodontic 

treatments 

Future orthodontics 
could benefit from 

faster, more 

customizable palatal 
expansion devices with 

3D printing 

Light-force 

orthodontics studies 

(73) 

3D printing of custom 

braces for tooth 

alignment 

Custom braces 

designed using 3D 

printing technology 

allowed for more 
efficient tooth 

movement 

Future treatments will 

rely more on 

personalized, 3D- 

printed brackets for 
optimized tooth 

movement and faster 

results 
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Future prospects: 

The future of 3D printing in orthodontics is incredibly promising, with continuous advancements in 

technology, materials, and digital integration. Here are the key prospects shaping the future of 3D printing 

in orthodontics: 

1. Enhanced customization and personalization 
• Precision tailoring: Advancements in scanning and digital impressions will allow orthodontists to 

create highly customized appliances tailored to each patient's unique anatomy and needs. This 

will enhance the fit, performance, and treatment efficiency of aligners, braces, and retainers. 

• AI integration: AI will play a pivotal role in analyzing scans and automatically designing 
personalized treatment plans, further improving the precision of orthodontic devices and 

optimizing workflows (74). 

2. Faster production and reduced costs 
• On-demand manufacturing: 3D printing allows for on-demand production of orthodontic devices, 

eliminating the need for inventory management and reducing costs related to materials, labor, and 
storage. 

• Speed of production: The time required to produce orthodontic appliances will continue to shrink, 

with advancements in printing speed enabling the creation of functional dental devices in a matter 

of hours, improving patient satisfaction and turnaround time (75). 
3. Innovative materials and functional advancements 

• Smart materials: Future 3D printed orthodontic devices will likely incorporate smart materials 

that respond to environmental stimuli like temperature, pressure, or moisture. These materials 
will enable dynamic, adaptive appliances that adjust during treatment for optimal effectiveness. 

• Bioprinting: The potential of bioprinting to create living tissues opens exciting possibilities for 

regenerating tooth and gingival tissue, which could lead to revolutionary treatments like tooth 

regeneration and gingival restoration (76). 
4. Improved treatment outcomes 

• Enhanced devices: 3D printing will continue to improve the design and functionality of 

orthodontic devices, making them lighter, thinner, more flexible, and more comfortable for 

patients, all while delivering better treatment outcomes. 
• Real-time adjustments: Digital scanning and 3D printing will enable orthodontists to make 

immediate adjustments to aligners or braces, reducing the need for multiple appointments and 

accelerating treatment timelines (77). 

5. Integration with other digital technologies 
• Seamless digital workflow: Integration between intraoral scanners, CAD/CAM systems, and 3D 

printers will streamline the entire process, from diagnosis to appliance production, eliminating 
manual steps and improving both accuracy and efficiency. 

• Virtual treatment simulation: Virtual and augmented reality will enhance patient care by allowing 

them to visualize their treatment progress in 3D before it begins, supporting better decision- 

making and treatment planning (78). 

6. Regenerative dentistry and tissue engineering 
• Regenerating teeth and gingiva: Bioprinting may allow for the direct creation of dental structures 

such as teeth and gingiva, offering a potential solution for patients who need tooth replacements 
or gingival regeneration, reducing reliance on implants or traditional prostheses. 

• Stem cell applications: Stem cell-based bioprinting could allow the regeneration of dental tissues, 

providing a more sustainable and less invasive approach to orthodontic and dental treatments 

(79). 

7. Environmental sustainability 

• Reduced waste: 3D printing’s layer-by-layer approach produces minimal waste compared to 

traditional manufacturing methods, making it more environmentally friendly. 
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• Eco-friendly materials: The future may see the development of biodegradable and recyclable 

materials for 3D printed orthodontic devices, contributing to sustainability in the dental industry 
(80). 

8. Wider accessibility and training 

• Global reach: The decreasing cost of 3D printers and materials will make advanced orthodontic 
care more accessible in underserved regions, enabling smaller practices to offer customized 

treatments. 

• Ongoing training: As 3D printing technologies evolve, continuous training will be necessary for 

orthodontists to stay up-to-date with the latest tools, materials, and digital workflows. 

9. Teleorthodontics and remote care 

• Remote monitoring: Digital scans and 3D models will enable orthodontists to monitor patients 

remotely, offering more flexible and efficient care for patients who are distant or unable to visit 
clinics frequently. 

• Direct-to-consumer models: The future may bring more direct-to-consumer orthodontic services, 

where patients can receive 3D printed aligners based on digital impressions taken at home, 
reducing the need for in-person visits and lowering costs. 

The promise of 4D Printing: 

Looking even further ahead, 4D printing could revolutionize orthodontics by enabling self-adjusting 
devices that respond to external stimuli, such as temperature or pressure. This could lead to appliances 

that dynamically adapt to the patient's needs throughout the treatment, offering a new level of 

customization and efficiency in orthodontic care. In conclusion, the future of 3D printing in orthodontics 
is filled with endless possibilities, from faster production and reduced costs to groundbreaking 

innovations in smart materials, regenerative dentistry, and remote care. As technology continues to 

advance, 3D printing will reshape the way orthodontic care is delivered, making it more efficient, 

accessible, and personalized (81). 
Conclusion: In the next decade, 3D printing in orthodontics will transform treatments, making them 

faster, more affordable, and personalized. Advancements in materials, AI, and bioprinting will lead to 

custom, efficient, and less invasive options. Digital workflows and 3D printing will enhance patient 
outcomes while improving practice efficiency. Orthodontists are increasingly adopting 3D printing, with 

technologies like SLA, DLP, FDM, and PolyJet being commonly used. While these technologies show 

similar or better accuracy than traditional models, more research is needed to determine the most efficient 

for different orthodontic procedures. The ability to eliminate conventional impressions and models will 
reduce storage needs and improve appliance fit. Future efforts should focus on developing biodegradable 

polymers and eco-friendly solutions to address environmental concerns with 3D printing. 
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