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A B S T R A C T   

Background: The applications and scope of digitization and technology in dentistry are becoming increasingly 
valuable right from clinical dentistry to research, student training, teaching, and laboratory techniques. 
Mastering 3D printing and its usage are essential for dental practitioners and dental technicians as it allows them 
to choose and necessarily know what is offered, as well as how to implement it in everyday practices thereby 
contributing to the betterment of the dental profession. The study aims to assess dental practitioners’ and dental 
technicians’ knowledge, understanding, and practices related to the use of 3D printing in dentistry. 
Methods: A cross-sectional questionnaire-based study was done among dental practitioners and technicians in 
Karnataka, India who were given access to a self-explanatory questionnaire via Google link consisting of ques
tions that evaluated their knowledge, awareness, and practices regarding 3D printing. The Chi-square test was 
used for statistical analysis. 
Results: A total of 380 replies were obtained after the questionnaire was circulated. Awareness regarding the use 
of digital technology in dentistry was known by 98.9% of practitioners and 92.7% of technicians, of which we 
discovered that 9.28% of practitioners and 17.7% of technicians were unfamiliar with 3D printing, which was 
statistically significant (p = 0.0400*). 81.6% of practitioners consider 3D printing can be used to fabricate 
complex design prostheses. 
Conclusion: The participants’ understanding of digital dentistry and 3D printing is acceptable. The majority of 
dental professionals expressed an interest in adopting 3D printing and believe that there should be a forum for 
collecting and exchanging skills and knowledge about 3D printing.   

1. Introduction 

Over the last decade, the rise of digitalization and three-dimensional 
(3D) printing has modified the way dentistry is practiced.1 The appli
cations and scope of digitization and technology in dentistry are 
becoming increasingly valuable right from clinical dentistry to research, 
student training, teaching, and laboratory techniques.3D printing, also 
known as rapid prototyping or additive manufacturing (AM), entails the 
layer-by-layer addition of a material to construct an object or structure 
utilizing CAD/CAM technology or advanced imaging and scanning.1–3 

After obtaining the model data with the use of scanners or data from 
Computed tomography or Cone-beam computed tomography scans, a 
Standard tessellation file (STL) of the 3D model design is prepared using 

computer-aided design (CAD) software, after which processing and 
slicing of the 3D model are done. The STL file is then transferred to the 
3D printer, where the product is manufactured layer by layer and the 
final step is post-processing the product.2,4 

AM techniques are applied in a variety of dentistry disciplines, from 
dental model prototypes to surgical guides and splints, orthodontic 
aligners, and prostheses such as crowns, bridges, and veneers, laminates. 
In addition to craniomaxillofacial implants, tissue scaffolds for both 
hard and soft tissue printing can also be 3D printed which has a major 
role in craniofacial reconstruction and implantology.3–7 3D printing’s 
advantages include quick production, high precision, and custom
ization, and it may be used for everything ranging from removable to 
fixed prostheses.7 Greater surface precision, as worn cutting tools do not 
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Fig. 1. Shows the custom questionnaire form including questions 1- 18.  
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affect precision and mass manufacturing, is one of the advantages of 3D 
printing over subtractive techniques.8,9 Three categories can be used to 
group the 3D printing technology. Powder bed fusion (PBF), which 
primarily uses metal materials, includes selective laser melting (SLM), 
selective laser sintering (SLS), electron beam melting (EBM); Vat pho
topolymerization (VPP), which includes digital light processing (DLP), 
stereolithography (SLA), and photo jet uses photosensitive resin mate
rials and fused deposition modeling (FDM). —all have their advantages 
and limitations5,8,9 

There have been surveys to evaluate dental practitioners’ knowledge 
and practices of 3D printing in Maharashtra.10 The impact of social 
media on additive manufacturing technology among dental specialists 
and their routine use of 3D printing was also explored in a survey.11 The 
goal of the present study was to assess and comprehend dental practi
tioners’ and dental technicians’ knowledge, awareness, and practices 
regarding 3D printing in Karnataka, India. 

2. Materials and methodology 

2.1. Ethics statement 

The Institutional Ethical Committee approval was obtained from 
KAHER KLE VK Institute of Dental sciences Belagavi, Karnataka, India 
(certificate number: 1506 dated November 02, 2021). The study ob
jectives were given to the participants, and they gave their informed 
consent. 

2.2. Study design and setting 

A cross-sectional questionnaire-based study was conducted among 
dental practitioners and dental technicians in Karnataka, India in 
November–December 2021. 

2.3. Eligibility criteria 

Dental technicians from private dental laboratories and dental in
stitutions, Dental practitioners (BDS and MDS, teaching faculty), and 
Postgraduate students in India were included in the study. The study 
excluded individuals other than dentists and dental technicians as well 
as undergraduate dental students. Participants who declined to partici
pate in the study were withdrawn from the study. The sample size was 
estimated using the formula n = ((Z (1 − α /2))2̂ (pq))/d2̂ where n is the 
sample size, p is the prevalence of knowledge towards the use of digital 
technology in dentistry among dental professionals obtained from the 
pilot study (84%), and d is the permissible error. Thus, the estimated 
sample size was 291. Convenience sampling was used, and participants 
were given access to this self-explanatory questionnaire via a Google 
link through e-mail and social media platforms. Compulsory fields were 
included in the online survey form, guaranteeing that no incomplete 
responses were accepted. 

Fig. 2. A) Demographic details of participants. 2B) Shows participants’ awareness of digital technology and 3D printing in dentistry.  
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2.4. Study proforma and data collection 

The custom questionnaire was divided into two sections, with the 
first including demographic information and the second comprising the 
questions. 

With five open-ended questions and thirteen closed-ended questions, 
questions (Q1-Q5) were beneficial in determining knowledge and 
awareness, while questions (Q6-Q12) were useful in determining the 
current clinical practice of 3D printing among dental practitioners and 
technicians. The practitioners were asked specific questions (Q13-Q18) 
about their awareness of the limitations and benefits of 3D printing, as 
well as patient-related questions(Fig. 1). The questionnaire form was 
validated by pilot testing 40 dental practitioners and 20 technicians. 
Faculty from the department of Prosthodontics, KAHER VK Institute of 
Dental Sciences, Belagavi, Karnataka, along with subject experts, vali
dated the questionnaire for the relevance of questions specific to the 
survey’s topic (Content validity). Based on the pilot study, the ques
tionnaire’s reliability and internal consistency were established, with a 
Cronbach’s alpha internal consistency score of 0.78. During the study, if 
any problems occurred during filling up the questionnaire form, the 
researcher quickly rectified them. 

2.5. Statistical analysis 

Individual replies from each participant were compiled on a Micro
soft Excel sheet. For statistical analysis, the Statistical Package for the 
Social Sciences (SPSS) Software version 20.0 (IBM Corp., USA) was used. 

The Chi-square test was used to see if there was any notable correlation 
between the questionnaire items dental practitioners and dental tech
nicians and with a level of significance p-value <0.05. 

3. Results 

Upon the distribution of the pretested questionnaire in the form of a 
Google form link, a total of 380 replies were received of which 284 came 
from dental practitioners, among which 115 were pursuing post- 
graduate studies, 92 were general practitioners, 59 were specialists, 
and 18 were prosthodontics teaching faculty. Among the 96 responses 
by the dental technicians, 61 were employed at private laboratories and 
35 at dental colleges. We found that 72.5% of dental practitioners were 
females and 75% of technicians were males, with the majority belonging 
to the age group of 26–30 years, with an average experience of 2–5 
years, and 59.86% practising in urban areas (Fig. 2A). 

Awareness of the use of digital technology in dentistry was known by 
281(98.9%) dental practitioners and 89 (92.7%) dental technicians, of 
which we discovered that 9.28% of practitioners and 17.7% of techni
cians were unfamiliar with 3D printing in dentistry, which was statis
tically significant (p = 0.0400). (Fig. 2B). 

Additional questions were presented to the dental professionals, such 
as the limitations of 3D printing in dentistry which 94% believe it is 
expensive, 67.9% said skilled operators are required, and 27% think that 
just a limited number of materials may be utilized in 3D printing 
(Fig. 3A). When asked if digital dentistry plays a role in the current 
COVID-19 scenario, 277 dentists responded yes. 

Fig. 3. A. Responses of the dental practitioners to limitation of the use of 3D printing. 3B. Responses of the dental practitioners to advantages of 3D printing.  
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4. Discussion 

From medical simulation, prosthodontics, orthodontics, restorative 
dentistry, and oral implantology to instrument manufacturing, these are 
just a few of the domains where 3D printing is used. Its use indicates that 
this area of digital dentistry has the potential for everyday use in several 
domains.1 Despite its advancement, data on evaluating dental practi
tioners’ and dental technicians’ 3D printing knowledge and practices are 
limited. The key strength of this research is the paucity of research on 3D 
printing in dentistry among dental practitioners and dental technicians, 
both of whom actively engage in the clinical and laboratory fabrication 
of the desired products. 

An online survey conducted by Hegedus, T. et al.11 found that the 
majority of dentists, dental technicians, and CAD/CAM experts used 
their 3D printers to fabricate prostheses (87), surgical guides (69), or
thodontics (52), castable waxes (45), and splints(79). In our survey, 
some dentists suggested that 3D printing could be helpful in the con
struction of complete dentures and rehabilitation utilizing 
patient-specific implants in the maxillofacial region (1.06%). 48.59% of 
dental practitioners and none of the technicians think that 3D printing 
can be used as an educational tool in dentistry (p = 0.0001) (Table 1). 
3D printed models can aid in the production of models that are based on 
simulated everyday clinical scenarios which can be used to strengthen 

dental education and provide students to practice their manual skills and 
hands-on preclinical and clinical dental training.12,13 

According to Hegedus T et al., intraoral scanners (73) and lab 
scanners (67) were utilized approximately equally, and frequently in 
combination.11 The intraoral scanner was favoured by 70% of dental 
practitioners, and 57% of technicians, while CBCT was preferred by 1% 
of both (p = 0.0001). By using patient data from imaging procedures like 
computed tomography (CT) or magnetic resonance imaging (MRI), 3D 
printing technologies customize facial implants for each patient.14 With 
the intra-oral scanner, clinic operations are simpler, plaster models are 
eliminated, and the dentist and dental technician can communicate 
more effectively, which lowers errors. The confocal trend in intraoral 
scanning technology has progressed, making scanning more precise and 
quicker.15 

Metal alloys have been extensively used in 3D printing to manufac
ture all kinds of metal products including AM titanium (Ti) dental im
plants, custom subperiosteal Ti implants, custom Ti mesh for bone 
grafting techniques, cobalt-chromium frames for implants superstruc
ture, crowns and bridges, prostheses that can provide us with dense end- 
products1,8,16 and according to our survey, 58.45% of dental practi
tioners and 42.7% of technicians think metals are compatible with 3D 
printing (p = 0.007*) (Table 1). 

When asked about the advantages of 3D printing, 81.6% of dental 

Table 1 
Shows the participants’ responses to knowledge regarding applications, technologies, and materials in 3D printing. *p-value <0.05 to be considered significant.   

Dental practitioners (n,%) Dental technicians (n,%) Total (n,%) χ2 P- value 

For which product do you think 3D printing is used in dentistry? 
Crown and bridge fabrication Yes 252,(88.73%) 79, (82.29%) 331,(87.11%) 2.650 0.104 

No 32, (11.27%) 17,(17.71%) 49, (12.89%) 
Implant drill guides Yes 187,(65.85%) 29,(30.2%) 216,(56.84%) 37.143 0.0001* 

No 97,(34.15%) 67,(69.8%) 164,(43.16%) 
Partial denture framework Yes 170,(59.86%) 47,(48.96%) 217,(57.11%) 3.481 0.0620 

No 114,(40.14%) 49, (51.04%) 163,(42.89%) 
Maxillofacial prosthetics Yes 220,(77.46%) 35,(36.46%) 255,(67.11%) 54.655 0.0001* 

No 64,(22.54%) 61, (63.54%) 125, 32.89%) 
Occlusal splints Yes 165(58.10%) 17(17.71%) 182,(47.89%) 46.902 0.0001* 

No 119,(41.9%) 79(83.29%) 198,(52.11%) 
Digital orthodontics Yes 173(60.92%) 18(18.75%) 191,(50.26%) 51.026 0.0001* 

No 111,(39.08%) 78(81.25%) 189,(49.74%) 
Regenerative dentistry Yes 92,(32.39%) 6,(6.25%) 98,(25.79%) 25.624 0.0001* 

No 192,(67.61%) 90,(93.75%) 282,(74.21%) 
Educational tool Yes 138,(48.59%) 0,(0.00%) 138,(36.32%) 73.249 0.0001* 

No 146,(51.41%) 96, (100%) 242,(63.68%) 
Others (please specify) Yes 3,(1.06%) 1,(1.04%) 4,(1.05%) 0.000 1.0000 

No 281,(98.94%) 95, (98.96%) 376,(98.95%) 
What are the 3D printing technologies you are aware of? 
Stereolithography Yes 197, (69.37%) 44, (45.83%) 241, (68.95%) 17.127 0.0001* 

No 87,(30.63%) 52,(54.17%) 139,(31.05%) 
Photopolymer jetting Yes 76,(26.76%) 55, (57.29%) 182,(47.89%) 29.607 0.0001* 

No 208,(73.24%) 41, (42.71%) 198,(52.11%) 
Selective laser sintering Yes 168,(59.15%) 23, (23.96%) 118,(31.05%) 35.553 0.0001* 

No 116,(40.85%) 73,(76.04%) 262,(68.95%) 
Fused Deposition Modeling Yes 79, (27.82%) 18, (18.75%) 131,(34.47%) 3.103 0.078 

No 205,(72.18%) 78,(81.25%) 249,(65.53%) 
Electron Beam Melting Yes 63,(22.18%) 26, (27.08%) 143,(37.63%) 0.961 0.327 

No 221,(77.82%) 70,(72.92%) 237,(62.37%) 
Power binder printers Yes 27, (9.51%) 11, (11.46%) 108,(28.42%) 0.304 0.582 

No 257,(90.49%) 85,(88.54%) 272,(71.58%) 
Direct light processing Yes 45,(15.85%) 5, (5.21%) 46, (12.11%) 7.157 0.007* 

No 239,(84.15%) 91,(94.79%) 334,(87.89%) 
Bioprinter Yes 115,(40.49%) 6, (6.25%) 67, (17.63%) 38.764 0.0001* 

No 169,(59.51%) 90,(93.75%) 313,(82.37%) 
Which materials do you think are compatible with 3D printing? 
Photopolymerizing resin Yes 193,(67.96%) 47,(48.96%) 240,(63.16%) 11.130 0.0001* 

No 91, (32.04%) 49,(51.04%) 140,(36,84%) 
Thermoplastic polymers Yes 173,(60.92%) 52, (54.17%) 225,(59.21%) 1.353 0.245 

No 111,(39.08%) 44,(45.83%) 155,(40.79%) 
Waxes Yes 78,(27.46%) 32,(33.33%) 110,(28.95%) 1.201 0.273 

No 206,(72.54%) 64,(66.67%) 270,(71.05%) 
Metals Yes 166,(58.45%) 41, (42.71%) 207,(54.47%) 7.170 0.007* 

No 118,(45.55%) 55,(57.29%) 173,(45.53%)  
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practitioners consider 3D printing can be used to fabricate complex 
design prostheses, including designs with hollow components such as 
hollow obturators or hollow complete dentures.17 76.7% of dentists 
believe that there is minimal waste of raw material when the product is 
3D printed (Fig. 3B) Material waste can be decreased by 40%, resulting 
in a positive benefit on manufacturing sustainability.5 During the 
printing process, SLM and SLS powder material that was not utilized can 
be recycled up to 95–98%.9 76% of practitioners think that 3D printing 
is time-saving and when it comes to the time devoted to patient care, 
96.48% of dental practitioners believe 3D printing will assist to mini
mize the time taken to treat patients.3D printing can benefit one-day 
dentistry, but careful planning is essential before making this decision 
to guarantee a successful and precise workflow.18 

According to our research, 68.66% of dentists and just 43.75% of 
technicians have received training (p = 0.0001*) (Table 2). Due to a lack 
of knowledge, support, and services, dentists and dental technicians may 
have a tough time determining which brand to purchase or difficulties in 
the fabrication of products.11 Therefore, effective training, experience, 
and information exchange should be conducted via webinars, work
shops, and social media. 3D printing should be incorporated in dentistry 
undergraduate courses, according to 55.99% of practitioners. 

Limitations: The study has some limitations, such as the fact that it is 
not available to those who cannot be reached via social media or e-mail 
and a small sample size. 

Suggestions: A larger sample size would aid in providing a more 
thorough picture of the technology’s implementation into routine 
dentistry from various parts of the country. The study population of 
dental practitioners and technicians assures that a higher percentage of 
those included have already implemented this technology in their usual 
practice or are likely to do so in the future. Further studies can yield a 
comparison of the demands and methods of 3D printing used by 
different specialities, including prosthodontics, orthodontics and den
tofacial orthopaedics, oral and maxilla facial surgery, endodontics etc. 
More research may be done to compare traditional methods with 3D 
printing in terms of precision, fit, and accuracy, as well as longevity of 
the prosthesis or product. Future research should concentrate on the 
long-term viability of 3D printing to ensure a smooth transition from 
analogue to digital dentistry. 

5. Conclusion 

3D printing is gaining space in dentistry right from prosthodontics, 
restorative dentistry, orthodontics, implantology, and instrument pro
duction. By expanding diagnostic, therapeutic, and educational poten
tial, 3D printing is redefining digital dentistry. As a result of the 
industry’s increased research and hope, more opportunities would open 
up. The majority of dental professionals expressed an interest in 
adopting 3D printing into their daily work routines and believe that 
digital technology would have a favourable impact on our profession. 
We should provide a forum for collecting and exchanging skills and 
knowledge about 3D printing through our digital community and active 
participation in workshops. 
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