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Because digitization accelerates product design and reduces development time, 3D printing can meet the demand

for small-batch production and customization. This technology has been widely applied in various fields, such as

automotive parts production, electronic parts, the aerospace industry, construction, food, and agriculture. 3D

printing technology is suitable for application in advancing digitization in dentistry.

3D Printing  barriers  dentistry  additive manufacturing

1. Introduction

Additive manufacturing (also known as 3D printing) is a way to stack materials layer by layer to complete product

manufacturing . Unlike traditional manufacturing methods, such as forming, casting, and reduction

manufacturing, 3D printing technology can provide design and manufacturing advantages for products with

complex structural designs, considerable material savings, flexible and efficient production processes, as well as

customization for the customers  In recent years, the application and development of 3D printing technology

have become mature, which can save material consumption and thus reduce production costs . Because

digitization accelerates product design and reduces development time, 3D printing can meet the demand for small-

batch production and customization . This technology has been widely applied in various fields, such as

automotive parts production , electronic parts , the aerospace industry , construction , food , and

agriculture .

Although 3D printing technology is one of the most important innovations in various industries, its use in the

medical field is still limited. 3D printing technology has the following characteristics for medical applications: (1) the

ability to customize for individual patient needs , (2) the ability to improve precision and patient comfort through

digital devices , and (3) the ability to reduce material waste in the manufacturing process . Because of the

aforementioned properties, 3D printing has been introduced to dentistry in recent years. Liaw and Guvendiren 

pointed out that 3D printing technology is characterized by high tunability and complexity and enabling the

production of anatomically matched and patient-specific devices. This makes it very suitable for the introduction of

digitalization in dentistry. Their study also showed that (1) improving print quality, accuracy, and print speed, (2)

developing and integrating more application materials, and (3) eliminating time-consuming and dangerous post-

processing procedures will be challenges for 3D printing technology in the future dental field. However, its use in

the dental field is not as popular as expected . Past studies have focused on material applications  and

technological improvements and enhancements . The discussion on the barriers that dentistry encounters when
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introducing 3D printing is rather limited. Loges and Tiberius  used a Ranking-Type Delphi study to investigate

the key barriers to implementing 3D printing technology among dentists, dental technologists, and vendors selling

3D printing equipment. Their results showed that (1) lack of relevant knowledge, (2) lack of re-enhancement of

employee education and training, (3) willingness to use only traditional methods, and (4) high investment costs

combine to be the challenges. From their study, some barriers to the application of 3D printing technology in

dentistry were identified. However, among these barriers, there are often many mutual influence relationships. The

objectives of this study include the exploration of what the barriers to the application of 3D printing technology in

dentistry are. What are their mutual influence relationships? Which barriers are the key core of the influences?

Understanding these issues appears to be a key factor in accelerating the digital transformation of dentistry.

There are many methods to investigate the mutual influence relationships among factors, such as principal

component analysis  and structural equation modeling (SEM) . In recent years, there have been an

increasing number of studies using the decision-making and trial assessment laboratory (DEMATEL) technique to

explore the influential relationships among barriers, such as women entrepreneurship , green lean practices ,

electric vehicle , e-commerce technology in SMEs , social banking systems , construction program

manager selection in China , risk analysis of maritime transportation , etc. Regarding the food industry, Novel

Taguchi scheme-based DEMATEL is applied to discuss the performance index of system maintenance . In

addition, during the period of COVID-19 spread, DEMATEL has been used to research the tie between the patient’s

willingness to employ mobile health treatment and the service quality .

DEMATEL has the following advantages: (1) It can effectively analyze the direct or indirect effects among different

factors and understand the complex cause-and-effect relationships; (2) It can visualize the mutual relationships

among the factors through an Influential Network Relationship Map (INRM), enabling decision-makers to clearly

understand which factors influence each other; (3) It can also be used to determine the ranking of alternative

solutions and at the same time to identify key assessment criteria and measure the weights of the assessment

criteria . So this research uses DEMATEL to explore the cause-and-effect relationships between barriers.

However, the decision-making process of DEMATEL relies heavily on an expert decision-making system, so the

information for decision-making is uncertain and inconsistent because experts often have different preferences

regarding different experiences and backgrounds . To remedy these problems, this study proposes using rough-

Z numbers to overcome these drawbacks. The rough set can be used as an effective tool to resolve uncertainty

and inconsistency, and the advantage of Z-numbers is the integration of experts’ judgments and their confidence in

the assessment, which can help resolve the uncertainty in decision-making . The proposed rough-Z-number can

integrate opinions among experts and overcome inconsistent and uncertain judgments.

2. The Advancement of 3D Printing Technology in Dentistry

2.1. Development and Application of 3D Printing

3D printing technology is a manufacturing method that constructs one layer of material at a time and adds multiple

layers of material to form the desired object based on demand . According to the Wohler’s Report , despite
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the influence of COVID-19 on the global economy in 2020, 3D printing technology grew by 7.5%, reaching a

market size of $12.8 billion. After more than 40 years of development, 3D printing technology has been

continuously developed and improved. According to the American Society for Testing and Materials (ASTM), there

are seven types of additive manufacturing (AM), including VAT Photopolymerization, Material Jetting, Binder

Jetting, Material Extrusion, Powder Bed Fusion, Sheet Lamination, and Direct Energy Deposition . In response to

the nature of 3D printing technology, there are also innovative developments in the materials already used. For

example, composite materials for the aerospace industry are widely used because of their specific strength, high

stiffness, resistance to corrosion, and endurance performance . In the construction industry, suitable

combinations of additives have been proposed for incorporation into hybrid soils for 3D printing . In the medical

industry, composite materials have been developed by combining different types of materials, such as ceramics

and metal materials and ceramics and polymer materials for orthopedic treatment . The application of 3D

printing technology is becoming more and more widespread in various industries, such as the manufacturing

industry for the production of mold-making models and robotic structural parts , the food industry for the rapid

production of military food in the battlefield , the construction industry for new methods using 3D printing

technology for concrete , and the construction industry for new methods using 3D printing technology , and in

the textile industry, the production of special textiles with thermal conductivity and intelligence , which shows the

wide range of applications and importance of 3D printing technology in various industries.

As customers’ expectations for products become diverse, companies have moved from large-scale mass

production to small-batch orders. The fourth industrial revolution , also known as Industry 4.0, is taking shape as

network infrastructure becomes widespread and innovations in hardware and software are integrated into the

manufacturing industries. With the emergence of digital technologies, such as the Internet of Things , robotics

, 3D printing , Artificial Intelligence , blockchain , and virtual reality , and their gradual application in

various areas, it has led to the revolutionary development of digital transformation in the global manufacturing

industry. It should be noted that the emergence of 3D printing technology has attracted people’s attention.

2.2. Development of 3D Printing in the Medical Field

The application of 3D printing technology in the medical field has also been described in recent years, such as the

creation of surgical tools and prostheses tailored to individual patient needs , bioprinting to create artificial skin

for the treatment of burns , and the creation of synthetic organs . 3D printing technology has also improved

medical education by allowing medical students to learn medical knowledge through human anatomy . Actually,

digital 3D simulations created by 3D printing technology can improve the quality and efficiency of learning . In

the field of dentistry, 3D printing technology is used to create full dentures without the use of traditional

manufacturing techniques and tools, such as molds, cutting tools, or tooling fixtures . 3D printing technology

provides dental students with digital models of teeth and mouths for clinical dental training .

2.3. Barriers to the Advancement of 3D Printing
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The development and application of 3D printing technology in various industries are booming, but what are the

barriers to its application in the dental field that make it less common than expected? What are the mutual

influence relationships among these barriers? In this study, DEMATEL was used to investigate and propose ways

to address and improve the situation. From the preliminary literature review, the possible barriers to the

advancement of 3D printing technology in dentistry are summarized in Table 1.

Table 1. Barriers to the advancement of 3D printing in dentistry.

References

1. Naveed, N. Investigate the effects of process parameters on material properties and
microstructural changes of 3D-printed specimens using fused deposition modelling (FDM). Mater.
Technol. 2021, 36, 317–330.

Barrier References Barrier References

Cumbersome processes Economic benefits

Post-processing steps Equipment cleaning and disinfection

Limited clinical cases Not familiar with new technology

Collaboration capability Management process responsiveness

Consensus within the organization Technology integration

Conservative attitude Government’s attitude

Managerial support High installation cost

Suitability of raw materials Financial benefit assessment

Regulations and management Intellectual property

Accuracy improvement Education and training

Equipment intellectualization Technical talents

Material supply chain Hidden costs of new technology

Protocol standardization Corresponding infrastructure

Material limitations Technology optimization

Information security Technology maturity
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