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Background: The emergence of three-dimensional (3D) printing 

technology has brought about significant advancements in dentistry, 

particularly in pediatric dentistry. Dentists are increasingly adopting 

digital approaches, moving away from traditional treatment methods 

towards fully digital treatment plans to enhance patient care.  

Methods: 3D printers utilize computer-aided design (CAD) software or 

3D scanners to produce physical representations of objects. Various 

technologies such as selective laser sintering (SLS), stereolithography, 

fused deposition modeling, and laminated object manufacturing are 

employed to print a range of dental products including individual 

impression trays, orthodontic models, gingiva masks, and prosthetics. 

These 3D printed products facilitate diagnostics, evaluation of 

maxillofacial growth, correction of facial asymmetry, and fabrication of 

aligners for children with malocclusions.  

Results: The versatile applications of 3D printing in dentistry have 

enabled the development of novel and efficient manufacturing methods 

for dental products.  

Conclusion: In conjunction with computer-aided design and computer-

aided manufacturing (CAD-CAM), intra-oral scanning, and cone beam 

computed tomography (CBCT) data, 3D printing has the potential to 

revolutionize pediatric dentistry. The future trajectory of 3D printing in 

dentistry will likely involve advancements in materials and 

technologies, indicating a promising future for this innovative 

technology in the field. 

 
Copyright, IJAR, 2024,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
The introduction of 3D printing technology in dentistry has provided practitioners with capabilities that were once 

limited to dental laboratories. In the past decade, this technology has become increasingly accessible to clinicians, 

enabling them to offer treatments that are more precise, affordable, and time-efficient for patients.
1,2 

 

Three-dimensional (3D) printing, often referred to as additive manufacturing, is a groundbreaking technology that 

involves depositing materials to create 3D objects. It utilizes a range of materials such as plastic polymers, metals, 

ceramics, and even living cells. Additive manufacturing has garnered significant interest and found various 

applications in the medical and dental fields.
3,4

This revolutionary technology enables the fabrication of working 

models,prosthodonticrestorations,appliances for orthodontic treatment,implant placementsurgical 

guides,andmaxillofacial prostheses.
5,6 
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History 

3D printing was invented by Charles Hall, which he originally termed "stereolithography," in the early 1980s.
7
 Carl 

Deckard in the year 1986 invented the selective laser sintering methodology. In the year 1999, Wake Forest 

University designed the first 3D-printed organ for transplantation. In the year 2003, the first inkjet bioprinter was 

designed. Organovo Company(2009) designed the first 3D-printed blood vessels. In the year 2019, the University of 

Tel Aviv designed the first 3D-printed heart that contracts with blood vessels.In 2020, Fab Rx developed a 3D 

printer specifically for personalized medicine.
8
 Initially, 3D printers were predominantly employed for rapid 

prototyping during the 20th century. However, advancements in technology rapidly progressed in subsequent 

years.Following the expiration of the fused deposition modeling (FDM) patent in 2009
9
, 3D printers started to make 

their way into the consumer market. Subsequently, this technology was adopted by dental laboratories, leading to the 

development of smaller and more affordable printers tailored for dental applications.The variety of materials that 

can be printed has grown to include plastics, metals, ceramics, and even biological tissues.
10

 

 

Technologies Involved In 3d Printing 

The following techniques are used for 3D printing in various dental applications:  

Stereo lithography (SLA).  

Fused Deposition Modelling (FDM).  

Selective Laser Sintering  

Photopolymer Jetting  

Electron Beam Melting (EBM)  

Power binder printers  

Direct light processing 

 

Stereo lithography (SLA) 

Stereolithography stands out as one of the first and most widely used techniques in the field of 3D printing.
11

 The 

invention of the first 3D model using a stereolithography apparatus is credited to Charles Hull. This method operates 

on the principle where a photosensitive monomer resin undergoes polymerization and solidification upon exposure 

to UV light. Sequential curing ensures that each layer adheres to the previous one, gradually building a solid object 

from the bottom up.
12

 (Fig-1(a)) 

 

Fused Deposition Modelling (FDM) 

Schott C Rump developed Fused Deposition Modelling.
13

Fused Deposition Modeling (FDM) is a 3D printing 

technique where layers of molten thermoplastic material are extruded from a nozzle and deposited onto a build 

platform. This material solidifies rapidly, typically within 0.1 seconds, allowing the printer to build up the object 

layer by layer.
14,15

 Its advantage mainly include easy installation, cost effective and easy availability.
16

 But the 

disadvantage of FDM is that its accuracy is less.
11

(Fig-1(b)) 

 

Selective Laser Sintering 

Selective Laser Sintering (SLS)is a 3D printing technique that has been utilized since the mid-1980s. The 

technology was originally created by Dr. Carl Deckard and his team at the University of Texas.Structures are 

gradually built up by selectively melting fine powder with a scanning laser. As the powder bed descends, a new 

layer of fine powder is spread evenly over the surface.This process allows for a high resolution of up to 60 

micrometers. Because the surrounding powder supports the printed structures, no extra support materials are 

required.
17

 Polymer scaffolds, such as polyamide or polycaprolactone, are utilized in the production of facial 

prostheses. Selective Laser Sintering (SLS) is employed to create anatomical study models, guides for cutting and 

drilling, dental models, as well as prototypes for engineering and design.
18

 Its advantages are materials used in the 

process are easily autoclavable, the printed objects exhibit complete mechanical functionality and when produced in 

huge amounts, the materials become more cost-effective.Disadvantages are the use of powders can be messy and 

poses a risk of inhalation, high cost andthe process demands specific climatic conditions, such as compressed air, to 

operate effectively.
18,19

(Fig-1(c)) 

 

Photopolymer jetting  

This method employs photopolymer or light-cure resin materials along with multiple print heads. The print heads 

deposit successive layers of the material, with each layer being cured immediately after it is applied.
20

This 

technology can operate with either a fixed platform and a moving print head or a moving platform and a fixed print 

head.
21

This technique can print a diverse range of materials, including resins, waxes used for casting, silicone 
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rubber, and substances that require intricate geometry and fine details.
22

It offers a resolution of around 16 

micrometers, enabling the rapid and cost-effective production of implant drill guides with minimal 

bulk.
12

Advantages are that the technique is rapid in producing results and offers a good balance between cost and 

output.The process also delivers materials with excellent resolution and a high-quality finish.Disadvantages are that 

it can be challenging to completely remove the material, the cost of materials can be relatively high, risk of skin 

irritation and sterilization Issues is that the materials cannot be sterilized using heat.
23

 (Fig-1(d)) 

 

Electron beam melting- 

This method employs an electron beam as the energy source rather than using a laser.
24

The electron beam melts the 

metal powder layer by layer within a high-vacuum chamber, resulting in the complete liquefaction of the 

material.
25

This technology is utilized in orthopaedics and oral and maxillofacial surgery to create customized 

implants designed as porous scaffolds.
26,27

 

 

Power binder printers  

This device employs a modified inkjet head, a pigmented liquid (typically water), and a powder (often plaster of 

Paris). It deposits a single layer of powder, which is then penetrated by liquid droplets. This process is repeated 

incrementally, layer by layer. The final model is constructed from multiple layers, with a new layer of un-infiltrated 

powder on top of each. This un-infiltrated powder functions as a support material.
28,21

The benefits of this technique 

include low material and machine costs, fully coloured printed models, faster processing times, and safety during 

use.
29

Disadvantages include limited accuracy, low resolution, reduced strength, and fragility, with models that 

cannot be sterilized.
30

 (Fig-1(e)) 

 

Direct light processing 

A projector serves as the light source, and the photosensitive resin is applied and solidified in layers using the 

projector.
31

The object is built on a lifting platform with layers being formed from the top down. The printing process 

happens layer by layer, with each layer being solidified as the resin cures.
32 

 

 
Fig. 1:-(a)Stereo lithography (SLA)

13
Fig. 1:-(b)Fused Deposition Modelling

13 
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Fig. 1:-(c)Selective Laser Sintering

13
Fig. 1:-(d)Photopolymer Jetting

13 

 

 
Fig. 1:-(e)Powder Binder Printer

13 
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3D Printing Procedure 

From a mechanical standpoint, 3D printers are straightforward robotic devices. However, they rely heavily on 

computer-aided design (CAD) software, which is essential for creating the objects to be printed. CAD software 

plays a crucial role in designing the objects before they are produced.CAD software is extensively used in industrial 

design and engineering, and it is increasingly becoming a key tool in dental surgeries as well. In the fields of surgery 

and dentistry, there is easy access to volumetric data through CT scans, CBCT scans, and intraoral scans.
12

The 3D 

printing process involves several key steps: first, obtaining a 3D patient model, which can be either physical or 

digital. Next, the design is created using CAD software, and the model is prepared for 3D printing. This is followed 

by the actual 3D printing of the model using an additive manufacturing technique, and finally, post-processing is 

carried out.
33 

 

Advantages 

When comparing 3D-printed restorations to those made using conventional methods, the superior precision, 

accuracy, detail capture, and high-quality finish of 3D printing technology often make it the preferred choice in 

dentistry over other available processing methods.
33

The importance of 3D printing in dentistry is underscored by its 

higher efficiency, resolution, and flexibility. Additionally, its ease and rapid fabrication, reduced material waste due 

to additive techniques, and enhanced diagnostic and learning capabilities contribute to its significance in the field. 

 

Disadvantages 

3D printing technology, while advanced, can be costly. It also has drawbacks, such as the potential for skin 

irritation, messiness, and inflammation from contact with or inhalation of powders, as well as the need for support 

materials. Despite these issues, ceramics remain one of the most commonly used materials in dentistry.
12

Due to high 

porosity during fabrication, ceramics currently lack the capability to be effectively 3D printed
33

.However, with 

ongoing research and the development of advanced techniques in the future, these limitations of 3D printing may be 

addressed and improved.
12 

 

Application Of 3D Printing In Pediatric Dentistry 

Pediatric dentistry is a distinctive field within dentistry that focuses on treating patients within a specific age range. 

Due to this specialization, pediatric dentists must possess a wide range of skills. They are required to handle various 

aspects of dental care, including behaviour management, oral surgery, preventive and interceptive orthodontics, as 

well as conservative, endodontic, and prosthodontic procedures. Since their patients are children, who represent the 

future, pediatric dentists face numerous challenges and must be adept in multiple areas to effectively address their 

needs. 

 

A) Space maintainer fabrication- 

The digital 3D model, stored in STL format, is sent to a 3D printing service, where the object is built layer by layer. 

Initially, an impression is taken to create a cast, which is then scanned using a 3D digital dental scanner. This 

scanned data is used to design the band and loop. After the printed space maintainer (SM) is positioned in the 

patient's mouth and its fit is verified, it is secured with glass ionomer cement (GIC).
15 

 

B) Custom tray fabrication- 

Custom trays can be either fabricated manually or 3D printed using computerized scans of impressions or models. 

Direct 3D printing of models from intraoral scans facilitates the rapid production of prostheses.
15

 

 

C) Fabrication of Fixed and Removable Appliances- 

In fixed and removable prosthodontics, CAD software can be utilized to design restorations, and 3D printers can be 

employed to create crowns, bridges, copings, abutments, and many more components
15

.This approach helps prevent 

unnecessary discomfort from gag reflexes, lengthy lab procedures, and extended appointments. It is particularly 

beneficial for children, teens with gag reflexes, and individuals with special needs, who often struggle with 

traditional impression methods for crowns, fillings, and other dental restorations. Scanning and 3D printing 

treatments are not only faster but also more patient-friendly and comfortable.
34

 

 

D) Pediatric crown fabrication- 

In a 2016 study by Sangho Lee et al., the process of fabricating anterior short crowns for primary teeth was detailed. 

Four primary anterior crowns were needed: the left maxillary central and lateral incisors were created using CAD-

CAM technology. A digital scanner was then used to scan the model, and a stent for the strip crown was designed 
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for the right central and lateral incisors. The stent was subsequently tried in place and cemented using composite 

resin.
35

 

 

E) Pediatric Oral Medicine and Radiology 

Requirement of early referral and management of adenoid hypertrophy in children is well-supported in literature. 

Pediatric dentists are key in detecting nasopharyngeal obstructions, and combining CBCT with 3D printing enhances 

obstruction identification with more detailed visualization than clinical assessment alone.
36

 

 

F) Pediatric Endodontic and Restorative therapies 

In-vivo tooth auto-transplantation is a procedure employed to restore teeth lost due to traumatic dental injuries in 

children and adolescents. Usually, pedodontists must wait for a period of 3 to 4 months to ensure complete healing 

before performing any reshaping to enhance the teeth's appearance.However, this delay can be minimized by 

utilizing 3D printing technology to create chair-side temporary veneers with a DLP printer (Ray dent RAM500, 16 

Ray Medical, Seoul, South Korea). Studies have reported that the marginal and internal adaptation values of these 

temporary veneers are within clinically acceptable ranges.
37

 

 

Tooth anomalies like dilaceration, pulp stones, and dens in dente, which can be challenging to manage during 

endodontic procedures, can benefit from 3D printing technology. By combining 3D printing with CBCT, a 

translucent model of the tooth's complex internal anatomy can be created. This, along with a customized guide, 

helps achieve a safe working length and significantly enhances the quality and precision of treatments for such 

anomalous teeth.
38,39

3D-printed tooth restorations can be created using materials that feature continuous self-folding 

properties, allowing them to transition from the center to the edges. This approach helps prevent micro-leakage 

while enhancing aesthetics, strength, and biocompatibility, and eliminates the need for etching and bonding, relying 

instead on mechanical retention.
40

Guided endodontics is an advanced approach uses 3D-printed templates to treat 

teeth with calcified canals or complex restorations, guiding burs accurately to difficult areas. This technique reduces 

the risk of iatrogenic damage and preserves tooth structure.
41

In endodontic surgeries such as root-end resections and 

osteotomies, precise control of bur positioning, angulation, and depth is essential to avoid errors and complications 

such as improper angulation or excessive osteotomy diameter. These issues can lead to increased healing time and 

postoperative discomfort. 3D-printed surgical stent guides enhance accuracy and precision, making procedures more 

localized and minimally invasive.
42

 

 

Autotransplantation success is enhanced by 3D printing technology. Computer-aided rapid prototyping (CARP) 

creates a precise tooth replica, allowing for modifications to the recipient bone site before extraction, thus avoiding 

damage to the periodontal ligament from repeated adjustments. This method facilitates immediate crown preparation 

and placement of a temporary crown after the tooth is positioned, reducing extraoral time and minimizing the risk of 

errors during the procedure.
43

3D bioprinting can facilitate pulp regeneration by dispensing a hydrogel with 

odontoblastic cells on the edges, fibroblasts in the core, and a supporting network of vascular and neural 

cells.Researchers continue to explore revascularizing and reinnervating pulp tissue as a promising approach.
44

 

 

G) Pediatric Oral Surgery 

3D printing improves surgical planning for oral cancers and mandibular fractures by offering detailed models for 

accurate procedure execution. It aids in wire placement, tumor resections, and helps surgeons and patients evaluate 

treatment options through visual aids.
45,46 

 

A patient-specific digital cap splint for pediatric mandibular fractures reduces the need for sedation, shortens surgery 

time, and requires no intraoperative adjustments. It fits precisely, restores mandibular arch alignment, and is more 

aesthetically pleasing than traditional acrylic splints.
47

Another application is customizing titanium alloy restorations 

for prefabricated skull defect and is highly effective but requires careful technique selection and teamwork across 

departments.
48

 

 

H) For the Purposes of Education 

Dental students can better understand the size, extent, and details of decayed lesions and tooth variations through 

models made from patient radiographs. This allows instructors to adjust the models to fit specific teaching goals.
49
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I) Orthodontics for children and adolescents 

In the coming years, 3D printing and AI will soon revolutionize patient care by allowing patients to virtually view 

and handle 3D models of their corrected arches and facial changes.
50

 

 

Stereolithography enables the 3D printing of tailored braces with precise tip and torque specifications or custom 

clear aligners for patients.
51

Additive printing technology can create custom splints for young patients with TMJ 

dysfunction.
52

Soon, 3D printing will allow the creation of precise myofunctional appliances like Herbst, Activator, 

and twin block devices for growing patients. This will enhance fit, compliance, and treatment outcomes. It will also 

enable printing of specialized appliances for sleep apnea, obturators, and feeding for cleft lip and palate 

patients.
53

Bioprinting intricate oral tissue structures can aid in studying how biological tissues respond to the forces 

applied during orthodontic treatment.
49

 

 

Future Projections 

4D printing, an emerging technology, allows materials to change shape in response to environmental conditions. 

Developed by Skylar Tibbitts and his team, this method transforms static 3D-printed objects into dynamic structures. 

In restorative dentistry, 4D-printed materials can move as programmed, potentially eliminating the need for etching 

and bonding by using mechanical retention.
54 

 

Future applications may include: 

1. 4D-printed filling materials in dental practice thathave the ability to changeshape and position from the center to 

the margins over time, potentially preventing fractures and marginal leakage. 

 

It is possible to design orthodontic appliances with controlled, self-folding movements that guide teeth into the 

desired position and angulation.If leveraged effectively, this technology could advance like CAD-CAM and 3D 

printing, potentially transforming the field of dentistry.
55 

 

Conclusion:- 
3D printing holds transformative potential in pediatric dentistry, offering precise, customized solutions for various 

treatments. It enhances diagnostic accuracy, enables the creation of tailored orthodontic appliances, and improves 

the fit and functionality of restorative devices. By advancing patient care through innovative, patient-specific models 

and reducing procedural complexities, 3D printing is set to significantly impact pediatric dental practices. 
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