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Abstract 

Objectives: 

1.Discuss the 3D printing applications in different specialization of dentistry. 

2. Discuss materials properties used for 3D printing applications in dentistry. 

3. To explore the future of 3D printing applications in dentistry. 

Methods: 

Scientific data bases of Google Scholar, Medline, PubMed and UEM CRAI library were used to 

attain the scientific articles need which were related to the topic of applications of 3D printer in 

dentistry. 

Conclusion: 

The role of 3D printing in dentistry was still conservative and auxiliary, the development for 

further involvement in dental treatment would rely on more advanced materials and printing 

methods that could demonstrate more characteristics and could compete with traditional 

methods and materials. Following the success of CAD/CAM system and digital oral imaging 

technique, the benefit of 3D printing applications would be endless, alongside with more 

education and promotion, the acceptance of the technology would bring more options for 

clinician because the main goal of the clinician was always to maximize patient’s benefit.  

Keywords: 

3D printing in dentistry, Stereolithography, Digital light processing, Photopolymer jetting, Fused 

deposition modeling 
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Resumen 

Objetivos: 

1. Discutir las aplicaciones de la impresión 3D en diferentes especializaciones de la odontología. 

2. Analice las propiedades de los materiales utilizados para las aplicaciones de impresión 3D en 

odontología. 

3. Explorar el futuro de las aplicaciones de impresión 3D en odontología. 

Métodos: 

Se utilizaron bases de datos científicas de Google Scholar, Medline, PubMed y biblioteca UEM 

CRAI para alcanzar la necesidad de artículos científicos relacionados con el tema de las 

aplicaciones de la impresora 3D en odontología. 

Conclusiones:  

El papel de la impresión 3D en odontología todavía era conservador y auxiliar, el desarrollo para 

una mayor participación en el tratamiento dental se basaría en materiales y métodos de 

impresión más avanzados que podrían demostrar más características y podrían competir con los 

métodos y materiales tradicionales. Tras el éxito del sistema CAD / CAM y la técnica de 

imágenes orales digitales, el beneficio de las aplicaciones de impresión 3D sería infinito, junto 

con más educación y promoción, la aceptación de la tecnología traería más opciones para el 

médico porque el objetivo principal del médico era siempre para maximizar el beneficio del 

paciente. 

Palabras clave: Impresión 3D en odontología, estereolitografía, procesamiento de luz digital, 

inyección de fotopolímero, modelado por fused deposition 
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1. Introduction 

The Rapid development of 3-Dimensional (3D) printing speeded up the technological 

advancement of model manufacturing, expanding the applications towards different industries 

and providing multiple options to resolve complex situations. As dentistry approaching to be 

more digital than ever, the integration of 3D printing and more digital process are 

demonstrating further capability to provide alternative treatment options. The material and 

manufacturing advancement altered the treatment approach and logistic of dentistry, 

expanding the scope for different specialties. 3D printing can be a modern approach for a quick 

and highly tailor-made production for dental appliances and models, combining with the oral 

digital imaging technique, benefits not only the dentist and the technician and patient too. The 

advantages of the combination of the printing and imaging technique influence from the 

diagnosis stage to post treatment outcome; hence, 3D printing can be utilized in all stages 

within a dental treatment. Basing on the technology of the 3D printing technique, the 

involvement of other techniques is required, for example, oral imaging technique, Computer 

aided design and manufacture (CAD/CAM) which are immensely popular tools in dentistry and 

has been widely used for making dental crowns, cast models and even orthodontic appliances. 

With that said, this article will further explain the theory behind 3D printing and the applications 

in dentistry, also how the printing technology incorporate with day-to-day dentistry procedures. 

 

The principles of 3D printing will allow further understanding of how 3D printing can be 

implemented into dentistry. 3D printing can be defined as printing method of additive 



 

2 
 

manufacturing or layering manufacturing. The printing process involves creating a 3D object 

with multiple layers of materials stacking up together. However, to construct the object in 

multiple dimensions, a digital virtual design must be made previously for the printer to fabricate 

the object, the design made will be dissect into numerous thin layers, then will fabricated layer 

by layer to produce the shape and structure. Depending on the system or brand type, all 3D 

printing requires a digital format to execute the production, once the digital file is obtained, 

then the printing process is straight forward, adding all the 2-Dimensional (2D) layers to create 

the 3D object. Hence the name Additive manufacturing. 

 

With the current trend of 3D printing, there are a few different printing techniques that vary in 

materials of fabrication and modalities. 

 

The existence of various technology can be applied to different applications in dentistry, each 

carrying strengths and weaknesses, However, most techniques share a common problem of 

high cost and production value, which limits the usage of such devices. Also, the maintenance 

and post-production procedures can be complicated. With that said, only a few printing 

techniques were introduced into dentistry and a selection of applications were developed. In 

dental application, current printing techniques can be divided based on the material used to 

fabricate the model such as light cured resin, thermoplastic, and others such as powder binding 

and sintered powder.(1) 
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Light cured resin can be found in techniques such as stereolithography, photo-jetting and digital 

light processing which these three techniques are relatively high cost and requires a supporting 

structure in the printing process which will be explained further on. And alternative material 

option is the thermoplastic which is used in fused deposition modeling (FDM) which does not 

involve any photo polymerization process. This article will elaborate on the applications of 3D 

printing in dentistry, different techniques, and examples of the applications.(2) 

 

Stereolithography (SLA) 

 

Stereolithography was first introduced in the 1970s by the Japanese scientist Dr. Hideo Kodama 

with the technology of UV light curing the photosensitive resin then the technology was rapidly 

developed during the 2000s and hence now small size and domestic 3D printing is available. 

(3)Stereolithography is commonly known as resin 3D printing due to its characteristics of 

printing which involves a light source, normally a laser then the laser cures the light reactive 

thermoset resin into hardened models, different variations of this technique lie in the 

arrangement of the main components of this printing method, such as the light source, the resin 

material used, the building platform as well. The mechanism of the hardening of the resin is 

basically the laser or light source carries a certain wavelength that will promote the short 

molecular chains to join and creating a solid and hard geometries.  The layer of resin material is 

printed out or constructed with the building platform descending whilst the hardening process 

begins on the upper part of the structure, hence the model that is printed out is normally upside 



 

4 
 

down, with such method a supporting structure will be needed to maintain the shape of the 

model which is used during printing and will be removed later when the final model is made. 

Also, for final stages, the model will be put into an UV oven to make sure polymerization of the 

resin is completed.(1,2) 

 

Digital Light processing (DLP) 

 

Digital light processing shares similarities to stereolithography because both are creating the 3D 

model layer by layer with light cured or photo polymerized resin, the difference lies between 

the light source used to polymerize the resin. SLA uses ultraviolet light to create the cross-

sectional layers like drawing out the layer step by step whilst DLP uses a digital light projector to 

project the cross-sectional layer all at once.(1) 

 

Photopolymer jetting 

 

Photopolymer or material jetting are an additive manufacturing process that is like a normal 

inkjet printer that can be found in homes and offices in regarding the printing a 2D layer 

method. The reason why the jetting process is similar to an inkjet printer is because the material 

or photopolymer will be ejected from a printhead then with the help of ultraviolet light or any 

other energy light source to solidify the polymer, then once a 2D layer is created, the second 

layer will be printed on top of the original layer to create a 3D model, building the 3D shape in 
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multiple layers. Normally, the material used is liquid form of thermoset photopolymer to allow 

the printhead to eject the material in the desired pattern or according to the design of the 

digital format, the material will first be heated up in a reservoir to obtain the ideal viscosity for 

the printhead to print, then the printhead will travel in a 2D plane position to create the layer, 

as the printhead is traveling ejecting the material, there will be an light source, ideally Ultra 

violet light attached to the printhead to help polymerize the liquid immediately as the printing 

process goes. After one layer is completed, the platform carrying the model or layer will 

descend to allow the next layer to be print on top.(1,2) 

 

Due to the special dispensing method of the material, material jetting allows multi-material 

printing, colorized printing and multiple printhead can be used at the same time to create a 

layer or model. The multi-material printing allows the use of a range of materials such as resin, 

rubberlike or hard plastic texture materials to create a different application in dentistry. The 

multiple printhead system allows the printing of different texture or properties in the same 

model. 

 

However, the drawback with such manufacturing process is that the model that is printed will 

require a supporting structure during the process to maintain the shape and integrity of the 3D 

model which later will be removed. The supporting structure can sometimes be difficult to 

remove after the completion of the structure and damaging the original model when the model 

is complex. 
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The difference between stereolithography and material jetting is that material jetting does not 

require a post print photopolymerized process due to the instant curing when the material is 

ejected out the print head. 

 

Fused deposition modeling (FDP) 

 

Fused deposition modeling is an additive manufacturing technique that involves the mechanism 

of a material which will be heated to a molten stat while ejecting through a nozzle to create the 

model layer by layer, the movement of the nozzle will be guided by the digital design file. The 

initial purpose of fused deposition modeling is for fabrication of prototype and model making 

that required rapid printing and alongside the advantages of minimizing the waste of material 

for print and allowing the printing of complex structural designs. These characteristics lead to 

the plebeianize of the 3D printing, with that said, desktop printers became a popular domestic 

option for hobbyist and companies that want to minimize the cost of printing. 

 

The fused deposition modeling utilizes thermoplastics that can be found in a lot of desktop 

printers, normally the thermoplastic will be in the form of a filament feeding into the nozzle 

with the help of a pinch roller that sustain the outflow of the ejection of the material out of the 

nozzle. The nozzle will contain a heating source or thermal module that will create the liquid or 

molten state of the filament then ejecting the material down to a platform creating the layer. 

The nozzle will be traveling in horizontal axis laying the material layer by layer to make a 3D 
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model. When the material is ejected, the bonding and cooling will start simultaneously, bonding 

will be directed towards the adhesion of the previous bottom layer and cooling due to the 

thermo sensitive characteristics. The model will then harden due to the temperature change 

hence maintaining the structural integrity, saving time in the process without the polymerizing 

protocol.(1) 

 

The model outcome of fused deposition modeling is always compared with other techniques 

because the finishing of the surface of model presents difference that might result in accuracy 

problems which can be explained by a few factors of the nozzle, such as the diameter of the 

ejecting component, the filament feeding rate, the ejection rate of the material and the 

thermoplastic properties. And the integral strength of the model because the cooling time of 

the material and filament type can affect the bonding of each layer. 

 

The dental industry has been undergoing changes digitally in treatment protocols and materials, 

not only in specialties but also in dental lab work. The digitalization of dentistry provided 

multiple functions, such as better pretreatment evaluation/ prediction in terms of aesthetic and 

functional purposes, improved accuracy for functional appliances planning and fitting and 

computerized aiding in design and manufacturing.  Different specializations are adopting the 

digital workflow and showing promising improvements, the advantage of digital technology is 

that the flexibility to incorporate into traditional treatment planning and protocol. It can be 

added into different stages of the treatment. From the treatment planning stages, to presenting 
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treatment outcome and aiding treatment process and actual prosthetic treatments. Hence, 3D 

printing technology can be incorporated into the traditional workflow without any 

interferences. The 3D printing technology involves more digital rendering protocol since the 

printing machine requires a digital file input to follow and print out the model. With traditional 

dentistry, alginate or silicone impression are used to record the patients’ oral condition and 

converting into a cast model for further analysis and lab work communications, with advance 

digitalization in dentistry oral scanning imaging technology has emerged and has been 

implementing in different sectors of dentistry.(2) 

 

The workflow of dentistry can vary from different specialization but the basics of obtaining 

information from the patient’s oral cavity has always been the same. Physical impressions were 

widely used since the start and played key role in dentistry. Using alginate and silicone to 

duplicate the patient’s oral information are still being taught in dental schools all around the 

world and still the most popular and economical option that is in the market. Followed by the 

plaster model making and mounting it on articulators, the recreation of a patient’s oral cavity 

can be done within an hour, then analyzation can be done and send away for lab works. 

The traditional method is a physical and 3D option for oral data analyzation. However, during 

the process, human and material errors can affect the accuracy of the recreation of data outside 

of the patient’s oral cavity. For example, alginate impression taking techniques, the quality of 

the alginate, transferring data to articulator, logistic of the cast model, type of plaster used and 

so on. These factors are accounted for when taking accuracy into consideration. Furthermore, 
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traditionally models of patients are delivered to laboratories allowing the technicians to work 

on and return to the dental clinic. The logistics of such protocol can also increase the risk of 

error and delays in a dental treatment and most importantly time consuming. Even with the 

sophisticated protocol, there is always room for improvements. Hence the emergence of digital 

technology incorporated into traditional workflow. 

 

The transition of traditional to full digital protocol is still on going and gradually developing. The 

aim is to try convert the physical data of the patient to digital data then can be used into 

treatment planning process and analyzation. To accommodate the transition of conversion, 

physical models are still used and taken with alginate or silicon, then plaster model are made. 

Afterwards, desktop scanners will scan the models for digitalization. There is also another 

option that a direct scanning will be performed on the impression instead pouring the plaster 

model. These two options have limitations that will alter the outcome of the digital data, for 

example, the material used for the cast model are specifically for scanning purposes, special 

coating will be sprayed on to the impression before the scanning. With all these factors 

affecting the trueness and precision of the information taken, led to the development of full 

digital workflow. 

 

Digital workflow is not made specially for 3D printing applications; however, 3D printing 

requires a digital file format that all printers will need to execute the fabrication. Hence, from 

the digital workflow, the patient’s information will be translated to digital data that can be used 
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for creating standard tessellation language (STL) file, the file format that most printers require. 

The advantage of digital workflow is that the patient’s data is collected digitally from the very 

first step with the help of 3D scanning imaging technology, there a lot new extra and intra oral 

scanners on the market accommodating different specialization of dentistry but all serving the 

same purpose of making a digital impression.(1,2,4,5) 

 

The rapid development of 3D scanning imaging technology has led the 3D printing technology to 

advance and mature with more improved accuracy, new designed materials, and also higher 

efficiency. Also, 3D scanning imaging technique is changing how dentist work, further expanding 

the possibility different treatment approaches. The scanning imaging technology has provided 

options to allow dentist to work in a totally digital manner from the start to the end, or as a part 

that integrated to the traditional treatment workflow. 

 

3D scanning technology can come in very handy in the day-to-day work routine for a treatment 

planning and an essential part for the 3D printing method, since a digital file will be required to 

print out the model and converting patient’s oral condition into digital data will aid the process 

and enhance the printing outcome. There are varies types of 3 D scanner, but the main 

difference lies among the hard and soft tissue identification and accuracy, precision of the 

image that is generated. 
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After the scanning is completed, the data will then be processed by the computer aided design 

(CAD). The CAD system allows control of different parameters and also design and further 

modifications. After that, the STL file will be export to the printer. Depending on the brand and 

type of printer, final adjustments will be made before the fabrication such as size and colour. 

There are examples using additive process to create commercialized dental apparatus such as 

interim crowns, surgical guide, anatomical models and more. (6) 

 

The application of 3D printing in dentistry are endless, involving in every single specialization 

with the cooperation of CAD and digital scanning. The physics of 3D printing allow numerous 

applications from pre-operation planning to actual dental treatment appliances and in this 

article, a further elaboration will be done to further discuss the technology of 3D printing in 

dentistry. 
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2. Objectives 

Focus questions. 

1.Discuss the 3D printing applications in different specialization of dentistry. 

2.Discuss materials properties used for 3D printing applications in dentistry. 

3. To explore the future of 3D printing applications in dentistry 

 

3. Methodology 

Information sources 

Most research were done on electronic databases such as PubMed, Medline Complete, 

SpringerLink and Wiley Online library. 

 

Search 

The following keywords are used to help refine and focus on the topic regarding dentistry 

applications. The keywords used for the current article when using the electronic databases 

included the following: 

• 3D printing in dentistry 

• Stereolithography 

• Digital light processing 

• Photopolymer jetting 

• Fused deposition modelling 
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Selection of articles 

The criteria of selecting articles that has been limited to publications within the recent 20 

years(2000-2021) , including scientific studies, case studies and literature reviews with relations 

of 3D printing in dental applications and also digital work flow. 

Inclusion and Exclusion Criteria 

The selection of the articles needed are followed by a list of inclusion criteria to refine the 

information obtained: 

• Advantages of 3D Printing 

• Digital workflow 

• 3D printing in dentistry 

• 3D printing applications 

• 3D printing in prosthodontics 

• 3D printing material in dentistry 

• 3D printing material properties  

Exclusion criteria: 

• Articles without access to the title and abstract 

• Lacking information regarding 3D printing 

• 3D printing applications outside of dentistry 

• Articles that are not English  
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4. Results 

The results are obtained from the selected articles with certain criteria and keywords. 45 

scientific articles were used in the current article with a combination of both in vitro and in vivo 

studies. Articles mentioning 3D printing applications in dentistry and the efficiency and benefits, 

and materials used for 3D printing in dentistry are included. The focus of the current article is to 

get a better understanding of how 3D printing is benefiting in different dental specializations, to 

explore how 3D printing technology can benefit the profession and improve the treatment 

quality. To follow up, comparisons are made to identify the advantages and disadvantages, 

allowing full comprehension of the development of 3D printing and finally to see how far the 

technology of digital printing can maximize the potential. 
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5. Discussion 

 

5.1 Applications of 3D printing in dentistry 

1. Medical modelling 

2. Implant surgical guide 

3. Treatment planning 

4. Prosthodontics 

5. Endodontics 

6. Soft tissue regeneration 

 

1. Medical modelling 

Medical modelling was one of the earliest applications that adopted 3D printing technology, 

with such method, anatomical models can be recreated for better diagnosis and treatment 

planning. The model printing has led to further developments for further surgical and treatment 

planning for less invasive and better prognosis in dental treatments. 

 

The medical modelling comes hand in hand with computer tomography (CT), the imaging 

technology not only allows a better prospective of the anatomical structure, but a creation of a 

digital data format for the design of the model that will be printed out. Cone beam computer 

tomography (CBCT) has become widely used in all fields of dentistry, from endodontics to oral 

maxillofacial surgery, the applications all serves one purpose, the creation of digital 
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visualization, which provide the data needed for the 3D printing technology, and recreating 

patient’s oral status and anatomical structure. This allows the fabrication of complex anatomical 

landmarks that are difficult to assess normally with traditional imaging system, also the printing 

technique allows magnifying structures in a larger scale, to provide a bigger prospective of 

certain structure or even teeth anatomy. (7)(8)(9) 

 

Apart from treatment planning and diagnosis, 3D printing models can serve other purposes in 

fields of educational dentistry. The printing technique has shown an impact towards teaching 

and learning protocols to facilitate the learners to understand structures and designs of 

prosthodontic treatment preparations. The printing technique allowed first, a physical model 

that can be presented to students for better understanding with detailed anatomical landmarks, 

second, the possibility of mass production of one certain model to distribute out for group of 

learners, significantly reduce the time for manual fabrication time and cost of labor to prepare 

the models needed since the printing process can be done automated. And finally, to 

standardize the learning process for students, as each student will be learning from the exact 

same model, the level of training will then be standardized.(10) 

 

More model examples were used in different training in dentistry. Traditionally, endodontic 

training was done with resin blocks or extracted human tooth, to simulate the working 

environment and practice the protocols of an endodontic treatment. The advantage of a resin 

blocks over a real extracted tooth is that learners can visually obturate the tooth with a better 
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prospective of the anatomy of the canal, however, a clear resin block cannot mimic the real 

situation of an endodontic treatment since a real tooth is never visible. An extracted tooth can 

provide a simulation for a learner to experience a real-life scenario however, due to health and 

sanitary reasons, an extracted tooth might not be ideal, and not all extracted tooth comes with 

regular shape and sizes, hence, the training cannot be done in a standardized manner. With the 

help of 3D printing, tooth replicas can be made without any variance in canal anatomy and 

tooth structure. Designers can create the ideal training model with CAD and modify for different 

training purposes. And with this method, the material used for the model will be safe to use 

without any sanitary problems, furthermore, with the variation of printing technique, the model 

can be printed in different material and colour to mimic the real-life oral cavity, for example, 

tooth can be printed in clear transparent or natural shade of colour, anatomical landmarks can 

also be labelled with different colours. Most importantly, the designer will have the liberty to 

create multiple models to simulate difficult endodontic treatments, increasing the manual 

dexterity and familiarizing the protocol of the learning process. Models can be printed in mass 

numbers and even re used in situations, which will benefit for educational institutes.(11) 

 

Additional applications for model printing are the fabrication of dental cast. Plaster cast has 

been utilized for a long period of time in dentistry and providing an exceptionally reliable option 

for replicating patients’ oral cavity. As the potential of 3D printing significantly expanded and 

matured, dental cast can now be printed with different materials and techniques involving fused 

disposition modeling, digital light processing, and polymer jetting. Printing a cast comes with 
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advantages such as dental cast can be more durable and long lasting and the freedom to choose 

the material that will be need for specific cases. However, certain aspects will be compromised 

in printing models, for example, material will have different physical properties, presenting 

different behaviors such as contractions or expansions, leading to inaccuracy of the cast and 

misjudgments in treatment planning. As all treatment in dentistry requires high precision, the 

results of 3D printing will be improved and adjusted.(12)(13) 

 

Once a dental cast is obtained, the application for the model is endless, for example university 

adapting 3D printing as a method of training in the curriculum, allowing students to practice and 

train for different cases such as veneer preparation, dental bonding practice and 

interdisciplinary simulation model. The models are made with different density of materials to 

provide the sensation of different tooth structure and allowing students to learn about the 

anatomy of the treatment preparations. (14) 

 

Further applications of the printing technique can be seen in the mockup approach, traditional 

dental protocols lacks the communications between the lab and patient, dentist rely heavily on 

mock ups made by the lab to demonstrate treatment outcomes and often the patient’s 

requirements are not satisfied. To avoid multiple visit of the patient, digitalization can help 

bridge the communication of the labs and clinic. With virtual treatment planning, the patient 

can already have a provisional idea of the results, alongside with mockup approach, the 

predictability of the results can be enhanced. Traditional mockup approach is very technique 
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sensitive, human errors can alter the results when digital workflow shows significant difference.  

To create the best results and accuracy, the errors must be eliminated during the workflow, 

milled mockup has then been introduced.(15) Clinical test has been done to compare the 

accuracy and results of both milled mockup and printed options, both options demonstrated 

slight dimensional changes when compare to the original model, but adaptation shown 

difference, poor fitting was observed in the milled mockups. Even with the milled mockups 

showing greater accuracy but the fitting might not be ideal, the clinical test that only had a small 

sample to compare both methods hence, more investigation will be put forward to discover the 

best option to achieve both fitting and accuracy. (16) 

 

2. Implant surgical guide 

The success of a well execute implant surgery relies on pretreatment planning and high 

precision to secure a good prognosis. A poor placement of an implant or discrepancy of location 

will trigger serious complications leading to the failure of the treatment and knowing that once 

the implant is embedded into the patient’s cavity, there are no room or possibility for 

adjustments unless the extraction of the whole implant body. Hence, the pretreatment planning 

must be accurate allowing precise implant allocation. With the advance technique of surgical 

guide, the placement protocol has been significantly changed, providing a guideline for the 

angulation, direction, and location of the implant body. Surgical guide can be done with 

different fabrication technology, 3D printing has been emerging as an available option while 

providing suitable characteristics to all dentist and surgeons to obtain a better control over the 
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whole treatment process. Acrylic resin was one of the materials used for conventional surgical 

guide and has been performing with high standards of precision, however, the guide lacks 

important anatomical landmark information. To improve the conventional method, Computer 

tomography has been utilized to replicate the oral condition allowing detailed diagnosis and 

treatment planning and the digital data obtained can be used for the file format needed for the 

printing process.(17) Combining CT and CAD-CAM system, surgical guide can be done with 

milling process, there are evidence suggesting that 3D printing surgical guide has no clinical 

difference when compared to milled guides in terms of precision and trueness evaluations.(18) 

However, there are studies showing milled surgical guides can result in less deviation than 3D 

printed guides and even greater precision in the final position of implant placement.(19) 

However, the evidence did not affect the prognosis of the implant treatment. Hence, the 

deviation in using different fabrication methods is still to be studied. (18) 

 

Different materials of the implant surgical guide have been compared as well, due to the 

physical properties of the guide, some materials show more flexion and some provides a rigid 

structure, taken into account of the physical properties, the accuracy of the guide can also be 

compromised.  When comparing surgical guide made with thermoplastic and 3D printed 

materials, the statistics suggested no significant difference can be observed in terms of the 

angulation deviation. The measurement was done by calculating the head and apex of the 

implant body, to identify possible inclinations or misalignment. And furthermore, the 3D printed 

surgical guide shown promising results in terms of the location of the head and apex of the 
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implant, further explaining the benefits of 3D printed technology when applied towards surgical 

guides.(20) 

 

The printing design also plays a crucial part in model accuracy, most printing methods require 

supporting structure for the model that will be printed, hence the orientation of the model 

which will be printed can affect the accuracy of the outcome of the model. With studies showed 

that when the model was printed in a 0–45-degree angle on top of the supporting structure has 

significant difference in accuracy when compared to a 90-degree orientation, suggesting that 

the orientation of the design before printing needs to be considered before, to obtain the 

maximum precision. (21) 

 

The protocol on fabricating a surgical guide involves in a lot of procedures, from the oral 

scanning imaging technique to the printing materials of the model can significantly alternate the 

precision result, including human errors, mechanical errors, scanning defects. The digitalization 

of 3D printing in surgical guide will continue aim to reduce the errors and increase the accuracy. 

(22) 

 

3. Treatment planning 

The digitalization of dentistry has increased the predictability of the treatment outcome with 

virtual planning and digital presentation, allowing patient to have a better understanding and 

meeting the expectations without repetitive visits, each design will be customized and tailored 
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to each patient, also enhancing the communications between the technicians and dentist to 

work closely, and with alterations and corrections without wasting time and avoiding 

miscommunication.  A model can be obtained from the digitalized visual design in the computer 

software, accuracy is the key factor since replicating the visual design into a physical model can 

involve complex procedures and conventional methods might included errors that can be 

avoided. With the printed 3D option, the accuracy can be ensured compared to traditional 

milling methods, without compromising significant accuracy and parameters.(23) 

 

In a recent clinical case, the potential of 3D printing was demonstrated, the treatment plan for a 

patient that presents a full edentulous oral cavity was to perform an implant-prosthetic 

restoration with fixed prosthesis, Flapless implant placement was chosen in the case hence a lot 

of pretreatment planning was needed. The patient’s oral cavity information was taken with 

Cone beam Computer tomography then transfer into a special treatment planning software to 

obtain a full virtual analysis followed by a digitalized planning of the implant surgery.  After the 

planning of the implant placement in computer, the sites of the implant were decided and 

digitally subtracted creating a digital format of the mandible design with implant ‘holes’, 

afterwards a 3D master cast was printed out accompanied by a surgical guide for the implants. 

With the help of the 3D printing technology, the master model can accurately replicate the 

patient’s oral anatomy, alongside with that, is dentists were able to predict and modify the 

implant surgery, creating a master cast with premade implants sites, that helped studying the 

oral relations and implant alignment on an articulator.  After the models were made, dentists 
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positioned the implants on the model with the prefabricated holes with the surgical guide, 

respecting the measurements of the implant’s diameter and depth, creating a physical 

treatment outcome model with all the implants in place. 

 

During the maxillary facebow transfer process, another 3D printed replica of the mandible was 

made to facilitate the transfer of the intraoral occlusal record to the 3D printed master model 

on the articulator. 

 

The digitalization aided the surgical planning process of the flapless implant surgery, flapless 

implant surgical can often seem to be challenging since no visible bone anatomy will be 

observed before the implant placement and even with the surgical guide, the complications 

such as fenestrations or lesion in anatomical landmarks can happen. The computerized 

treatment plan alongside with the 3D model printed out provided a significant amount of 

information prior to the implant surgery, allowing the dentist to visualize the process and 

accurately plan the placement of the implant, minimizing the surgical risk and maximizing the 

prognosis of the treatment. 

 

The role of the 3D printing technology in the clinical case mentioned above demonstrated two 

important advantages, the ability to visualize complex and hidden anatomical structures in 

physical 3-dimension manner and to create models that can facilitate and incorporate in the 

treatment. In combination with the digital oral imaging technique the data obtained allowed the 
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creation of the STL file to print the model out, in addition to the digital design of the model to 

replicate the anatomical structure that clinician desire can be obtained in a physical form, 

further improves the results of the treatment. In the clinical case above, the substitution of 

traditional plaster cast to 3D printed models has been demonstrated. Traditional plaster cast 

has been in the market for decades with disadvantages such as technique sensitive and difficult 

to modify once the plaster is set. In the current example, with 3D printing technology, not only 

the accuracy will be increased, and the freedom of treatment design will also be enhanced. 

Master cast can be fabricated in multiple units at the same time, uniform productions of the 

master can be guaranteed, enhancing the efficiency of dental treatment. (24) 

 

4. 3D printing as treatment option 

3D printing has shown a great potential in different specialization in dentistry, increasing the 

efficiency and prognosis of the treatment protocol, however, the applications mentioned 

previously are demonstrating how 3D printing can play a better auxiliary role in dentistry which 

leads to the question of can 3D printing applications be applied as a part of treatment option or 

even substituting conventional dental protocols. 

 

The 3D printing technique shows the capability of replicating complex structure in each time 

accurately, with this advantage, dental treatment can be significantly revolutionized, the 

digitalization of dentistry will be connecting all the treatment steps together and facilitating 

each area of the protocol. From digital oral imaging to CAD and finally fabricating the model 



 

25 
 

with 3D printing, all the steps are showing great potential of the replacement in traditional 

treatment options. 

 

5.  Prosthodontics 

3D printing application has greatly benefited the treatments in prosthodontics, combining with 

CBCT technology, the digital advancement in dentistry provided the opportunity for 3D printing 

to widely applied and incorporated into prosthodontic appliances. Conventional prosthodontics 

treatment depends on highly skilled technician and well communication between lab and 

dentist, often result in unwanted errors or unsatisfied treatment outcome. With the 3D printed, 

these errors can be minimized and further improve treatment prognosis. 

 

A good example of where 3D printing technology can come in place in prosthodontics is for the 

fabrication of dental prostheses. One of the most used application is for interim fix dental 

dentures, traditional interim prostheses are made with auto polymerizing acrylic resin, 

fabricated directly inside of the patient’s oral cavity, such methodology has been used for 

decades and still remains as the most used approach, however, there are drawbacks that made 

the traditional method less ideal for every situation, such as technique sensitive, labor intensive 

and also the discomfort sensation of the patient during the fabrication process in the oral cavity.  

The 3D printing technique provides an alternative option from the traditional method because 

of the drawbacks from traditional methods and with the digital oral imaging and CAD 

technology both assisting the rapid maturity of the printing of prosthetic devices. (25,26) 
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Applications for denture fabrication process might be limited to a several factors, (27)Firstly, 

dentures made with Milling methods have been showing promising results with accurate fit, the 

crucial key for the success of dental dentures is the retention between the denture and the oral 

mucosa, 3D printing dentures might be clinically acceptable, but more evidence is needed to 

provide clear indications.  (28,29) Secondly, limitations from the mechanical properties of the 

material are another challenge for 3D printed models, dentures must have the characteristics to 

withhold stress from flexion and mastication during daily uses, materials used from 3D printing 

might cause deformation after repetitive stress and causing internal cracks leading to fracture of 

the denture.  Conventional milled dentures are more resistant against stress and mastication 

force with greater flexural strength.(30,31) Lastly, the materials of choice for 3D printed models 

are prone to microbial colonization in contaminated oral cavity, studies have shown methods to 

battle against such matter by adding TiO2 into the denture base to gain antibacterial ability, 

however, the addition of TiO2 has been linked with weakening the denture and internal 

decomposition. (32,33) Hence, more studies and research are needed to discover the possibility 

of 3D printing applications in dentures.  

 

Another prosthetic application of 3D printing will be interim crowns, serving as protection and 

maintaining the occlusal function and relationship.(34) Conventional methods heavily relies on 

the impression taken and also technique sensitive from the clinician, (35)defects from the 

process will also alter the strength of the structure, leading to possible fracture or damage. 

(36)With the help of digitalization and CAD/CAM methods, the shortcomings of conventional 
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methods can be solved, clinicians now have different options to fabricate with CAD/CAM milling 

or printing. In dentistry, treatment goals are always to maximize patient’s benefit, hence the 

crown must fulfill different criteria to rehabilitate the normal occlusal function. Marginal fitting 

is one of the most important criteria to determine the best option for fabricating the interim 

crown, but very dependent on the fabricating process, traditionally, direct method is 

predominantly utilized due to the rapid and straight forward process, however, the chemical 

and mechanical reaction of the polymerization might bring complications to the patient and 

causing discrepancies in the dimension of crown due to resin shrinkage. (37)The indirect 

method provides an alternative option without causing any potential risks and complications 

while working on a stone cast.  With CAD/CAM milling technique and 3D printing introduced as 

indirect method into the fabrication of interim crowns, the comparison between the two 

methods have been made. Milling technique has been referred to as the subtractive method, 

while 3D printing method is the addictive method, due to the nature of subtractive method, the 

cutting bur diameter will limit the shape that is created on the material block which 3D printing 

provides the advantage of replicating the anatomy with highly level of accuracy while 

maintaining the structural integrity.  Furthermore, economical cost of both methods is also 

crucial since milling method produced more un-used materials than 3D printing. (6) 

 

Study has shown that 3D printing interim crowns with the technique of Polyjetting had 

promising results when compared to traditional direct and milling methods, especially in 

proximal marginal and internal region. 3D printing method demonstrated superior results to 
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traditional direct method in terms of marginal fitting which can be understood due to the lack of 

resin shrinkage in 3D printing. When compared to milling, 3D printing technique proven that the 

fitting of the restoration especially in occlusal area has significantly lower discrepancy, which 

can be explained by the fabrication process of milling. Using the subtraction method, the 

material block is being deduced into the ideal design with cutting burs, since the bur size and 

range of motion may attribute towards the final dimension and accuracy, the result might 

deviate from a 3D printed model, modern day CAD system allows algorithmic correction during 

the design procedures, however, with such programmatic change, the trueness of the 

replication of the anatomy might be compromised. In contrast, 3D printing technique allows 

fabrication of layer by layer constructing the contour and dimension accurately.  Even with 

different 3D printing techniques available on the market, the study has shown Polyjetting 3D 

printing provided concrete evidence for an improved fitting for interim crowns especially in 

focused regions and demonstrating that Polyjetting 3D printing could be compare with 

conventional milling technique, allowing clinicians to have an alternative approach during 

treatment planning. (6) 

 

To add on, the internal fitting of the interim crown can also attribute towards the overall 

adaptation of the crown with study showing that 3D printing method had shown outstanding fit 

when compared to CAD/CAM milling methods. Milling technique shown difficulties reproducing 

sharp edge, protrude and undercut part when compared with 3D printing,(38) further proving 

that the potential of 3D printing is superior to conventional methods. (39) 
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Not only the 3D printer can contribute towards the discrepancies of the results, the method of 

converting patient’s oral cavity to digital format can be significant. The digital model comparison 

can be generated by two different methods, first by conventional impression taking with 

polyvinylsiloxane elastomer then one method would be making a stone cast and combining 

intraoral optical scanning of the cast to generate the STL file, the alternative method was to 

utilize Cone Beam computer tomography to scan the conventional impression to obtain the 

data and converting to STL, followed by the exportation of the STL file to the printer. The 

measurements of the marginal and internal fitting were made to distinguish the accuracy of 

both data obtaining methods.  CBCT might have shown less steps during the data acquisition 

due to the elimination of the process of fabricating the stone cast model, lowering the chances 

of human errors, and also demonstrating superior abilities in acquiring data in areas like 

undercuts and adjacent teeth. The results of the CBCT scanning method were acceptable with 

no significant difference in certain areas of the model. However, other areas shown 

discrepancies that might affect the adaptation which can be explained by the resolution of the 

CBCT and the conversion of data from CBCT to STL. Through the improvement and on-going 

development of higher resolution of CBCT and well-designed algorithm for the data conversion, 

CBCT could also be in consideration for digital acquisition of the oral cavity and part of the 

protocol for 3D printing process. (40) 

Other specialization  
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6. Endodontics  

The applications for 3D printing not only limit the use in certain areas of dentistry, for example 

endodontics has also benefitted by applying the technology to create endodontic access guides, 

to aid the burs to enter the canal with accuracy. Educational models can be made to simulate 

the canal anatomy and conditions to create clinical practices outside of live oral cavity to 

improve and practice. (11)  

7.  Oral Soft Tissue Regeneration 

Biomaterial scaffolds are utilized in tissue engineering to provide initial structural support, 

allowing the cells to have a guide for adhesion and differentiation, continued by reconstructing 

the structure and anatomy of a missing tissue or facilitate the regeneration. With the power of 

creating complex structure, 3D printing can be used to produce various geometries and 

anatomy of scaffolds to perfectly adapt into oral cavity structure and replicate the tissue 

architecture to help generate the structural integrity that is required for different tissue 

regeneration treatments. (41) 
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5.2 Properties of materials used in 3D printing. 

The 3D printing method differs from the traditional CAM method because the additive 

manufacturing or printing allows a selection of materials to be used at the same time during the 

fabrication thanks to the different types of printing method and printers. Printing models can 

consist of more than 1 material because of the printing technique, creating a combination of 

material which includes polymer with the bases of photoinitiated resin or thermoplastics and 

ceramics or even metal, used for dental applications.  

Current 3D printing materials have shown strength in different properties such as stability and 

biocompatibility.  Printed dental resins apparatus have shown promising results regarding the 

translucency, showing resistance towards different factors and colorants over time. However, 

the colour stability has shown changes over the course of observation period, showing colour 

variation possibility for dental apparatus. More investigations would be needed to consider 

more factors and properties, because the data collected from the current case were only done 

in 2 groups of thickness for the materials and often dental apparatus have multiple layers and 

thickness and also the dimension and design needed to be considered because light wavelength 

strikes and projects differently in different surfaces, specimen in current case only have an 

uniform shape which is different from normal dental apparatus.(42) Furthermore, patients’ 

habit will be considered, frequency of intake of colorants such as cigarettes, wine and even food 

will alter the stability of colour in the material. Hence in treatment planning, patient’s medical 

history and habits will be a factor for the application of 3D printing. More studies will be needed 

to prove the stability of 3D printing materials.(43) 
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Another consideration of the dental materials is the biocompatibility of the 3D printed 

materials, all applications from 3D printed must be safe for patient to place and inert into the 

oral cavity. Most used materials in dental printing process are approved with federal and 

departmental justifications. The clinical performance of most materials haven shown promising 

and predictable results, but considerations regarding the mechanical properties needs to be 

taken into consideration such as layers printed, material shrinkage and printing properties. (44) 

Furthermore, most materials used are photopolymer resins which have excellent properties 

proved by studies, the usage of resin has been widely applied in dentistry, and has been proven 

that was not toxic, while retaining promising mechanical properties. Consideration will be made 

since photopolymer resins are very sensitive to the photo curing time and the types of curing 

light. More investigation and development will be needed to demonstrate properties for dental 

applications. (45) 

Limited studies were done to investigate the chemical and mechanical properties of the 

materials current used in different printers, and with the manufacturing company not publishing 

or releasing information regarding the composition, the difference between conventional and 

3D printing material cannot be justified. Additionally, without the composition, limitations are 

set when identifying the complications, side effects and possible hazard indications towards 

human oral cavity. Regarding the mechanical properties, studies have shown that additive 

manufacturing materials show significantly lower flexural strength when compared to milled 

and conventional groups. And the printing orientation heavily influence the final outcome of the 
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model. Hence, more research should be done to discover the suitable material for each 

treatment. (26) 

 

5.3 Future of 3D printing in dentistry 

The future of 3D printing is endless with the incorporation of digitalization in dentistry, with 

further development and research, new materials can be discovered, new designs of printers, 

new algorithm of digital data conversions, and even new printing techniques. The potential of 

3D printing has not been fully discovered and understood; hence the applications are still 

limited towards a more auxiliary role however, with the promising evidence and data showing 

that 3D printing can fabricate similar quality of conventional dental treatment options, the 

applications can expand towards different specialities in dentistry, creating treatment and 

apparatus that are fully printed.  

Printing materials can be further discovered and studied, the options that are on the market 

right now have room to improve but most of them are already safe to use and even showing 

long term sustainability. However, more structural rigidity and stability will be needed to 

provide alternative options for dental treatment.   

Furthermore, cost of material and printer can be also improved, due to the new emergence of 

the 3D printing technique, the popularity for such equipment are still very conservative, hence, 

when clinicians wanting to apply and incorporate printing technology into treatment plans, 

economical consideration will be one of the disadvantages in contrast to traditional protocols. 
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Additionally, the level of knowledge to operate and master the system can be challenging, 

hence more education and promotion would be useful to help introduce the 3D printing 

technique into the general population of dentistry. 

 

6. Conclusions 

3D printing applications in dentistry are slowly emerging as one of the newest technologies that 

can bring dentistry a step ahead and closer to the future. With more studies and evidence 

showing that applications can be use in multiple specialization, the incorporation of printing can 

be seen as one of the major techniques in treatment protocol. The role of 3D printing is still 

conservative and auxiliary, the development for further involvement in dental treatment will 

rely on more advanced materials and printing methods that can demonstrate more 

characteristics that can compete with traditional methods and materials.  

 

3D printing process has shown promising evidence in different fields of dentistry, for example, 

for treatment planning process and educational materials, using the advantage of replicating 

complex structure, 3D printing demonstrated the ability to create a visualization of anatomical 

structure and even designs of dental devices. Additionally, the possibility of unified mass 

productions to increase the efficiency and work rate. Furthermore, 3D printing provides 

accurate fabrication options for different dental apparatus, which can be compare with 

conventional methods, showing the emergence of the printing application can be incorporated 

into conventional workflow protocol. Although the applications are limited in some fabrications, 
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for example, interim crowns and dentures, but with new discovery in materials and printer, 

possibility of creating prosthodontic definitive device will be made. And finally, 3D printing can 

provide an alternative option in terms of economical point of view because traditional 

techniques require more materials and steps to achieve what 3D printing can do. The 

integration of digital oral imaging, CAD and 3D printing, less time and steps are spent, allowing 

dentist to focus on the treatments and logistically, faster delivery and communications between 

labs and dentist to avoid mis communications and errors on lab work outcomes. With different 

printers and technique, the range of materials allows clinician to choose the approach needed 

for different treatments. The popular printing materials that are currently used already shown 

properties of stability, biocompatibility, and accuracy. However, when compared to traditional 

dental materials, more development and improvements should be made, to demonstrate 

additional mechanical and chemical properties.  

The digitalization is playing a major role in the 3D printing development because the source of 

the file is always obtained from a digital file, the printing techniques have been established, the 

main direction of the research will be focusing on the materials and also protocols of printing to 

further improve the printing outcome. The future of 3D printing in dentistry will certainly have 

3D printing as an option alongside with milling and even conventional fabrications. Following 

the success of CAD/CAM system and digital oral imaging technique, the benefit of 3D printing 

applications will be endless, alongside with more education and promotion, the acceptance of 

the technology will bring more options for clinician because the main goal of the clinician is 

always to maximize patient’s benefit.  
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7. Responsibility 

Environmental  

The applications for the 3D printing in dentistry can be beneficial for long term dental 

digitalization. The developments of new material and new printers will further provide more 

options for dental treatment, currently most printers use biocompatible and government 

approved materials to fabricate dental applications, which these materials have shown 

promising mechanical and chemical properties, one advantage that 3D printing has over 

conventional milling technique is that the material usage, additive printing method allows 

precise measurement of material usage and with that said, future development can focus on 

materials that are more ecofriendly and sustainable while maintaining the mechanical and 

physical properties. 

Economic 

The current cost of running a full digital system can be challenging for dental clinics that are 

interested to convert, with further developments made, the popularity of 3D printing technique 

will gradually increase and attracts more companies to compete and manufacture printers and 

materials that will allow more users to access, increasing the size of the market due to uprising 

demands. Currently, 3D printing is slowly emerging in parts of dental treatment and 

incorporating into conventional treatment protocols, in near future, the printing technology can 

be a major treatment option with accessible cost of usage.  
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