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Abstract: 
Additive manufacturing has emerged as an assuring technology by enabling the creation of surgical guides and patient - specific 
scaffolds with accurate control over shape, porosity and internal architecture. Therefore, it is of interest to assess and compare the 
knowledge and perception of 3D printing amongst Periodontology postgraduate students and dental interns of India. A validated, 
self – administered questionnaire was conducted among 250 Periodontology postgraduate students and dental interns of India which 
consisted of 15 questions. Knowledge of 3D printing for periodontal regeneration about biomaterials used was 45%, advantages 51% 
and future directions 50% and postgraduate student’s showed better understanding towards 3D printing as compared to dental 
interns. 
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Background: 

Over the past few decades, digitalisation and three-dimensional 
(3D) printing have completely reformed dentistry [1]. Amid the 
numerous applications of digitalisation and technology in 
dentistry are investigations, student guidance and coaching and 
laboratory techniques [2]. 3D printing, sometimes referred to as 
additive manufacturing (AM) or rapid prototyping, is a process 
that uses advanced imaging and scanning or Computer - Aided 
Design / Computer - Aided Manufacturing (CAD / CAM) 
technology to add layers of material towards the production of 
an object or structure [1-3]. The subject of periodontal 
regeneration is continuously growing, with new advancements 
and the ability to create patient-specific scaffolds, membranes 
and surgical guides with exact control over shape, porosity and 
internal architecture. 3D printing has become an assuring 
technology with addition to bone grafts, membranes and guided 
bone regeneration (GBR) [4].  3D printing has aided the 
fabrication of personalized scaffolds and membranes with 
controlled architecture and tailored mechanical and biological 
properties [5]. The following areas of periodontal regeneration 
where rapid prototyping is most seldom used are: Biomimetic 
scaffolds that imitate the intricate anatomy of periodontal 
deficiencies that can be created by using 3D printing. The 
alveolar bone, cementum and periodontal ligament can all 
regenerate with the help of these scaffolds. Cell migration, 
vascularization and nutrient transport are all enhanced by the 
regulated pore size and interconnectivity [6]. Additive 
manufacturing can be used to generate patient-specific 
resorbable and non-resorbable membranes. These membranes 
retain room for selective cell repopulation, fit over intrabony and 
furcation defects precisely and increase wound stability and 
clinical results [7]. Mesenchymal stem cells and growth factors 
can be incorporated into 3D-printed scaffolds. This helps 
periodontal regeneration by allowing for the regulated release 
and improved differentiation of osteogenic and fibroblastic cells 
[8]. In periodontally deficient sites, 3D-printed surgical guides 
based on CBCT data can boost precision in flap design, graft 
insertion and implant alignment. Pre-surgical planning and 
education are aided by physical models of periodontal 
abnormalities [9]. With separate compartments for bone, 
periodontal ligament and cementum regeneration, advanced 
bioprinting makes it possible to create multi-layered scaffolds 
that resemble the natural periodontium [10]. The benefits and 

drawbacks of 3D printing have been highlighted in surveys that 
evaluated the knowledge and practices of dentists in 
Maharashtra [11]. A study looked at how social media influences 
dental professionals use of 3D printing [12].   Since data [13] is 
available on knowledge, attitude and practise of dentists and 
dental technicians on 3D printing. Therefore, it is of interest to 
evaluate the knowledge and perception of Periodontology 
postgraduate students and dental interns on 3D printing for 
periodontal regeneration. 
 
Materials and Methods: 
This cross–sectional questionnaire survey received approval 
from Institutional Ethical Committee (Approval No. 
SVIEC/ON/Dent/BNPG25/March/26/97; March 5, 2026). 
Electronic informed consent was obtained from all the 
participants before survey completion. The survey was 
proposed, supervised and testified in accordance with 
CHERRIES established criteria [14, 15]. The questionnaire 
content validity was evaluated by eight experienced 
periodontists holding more than 5 years of experience in this 
field. All questions achieved excellent content validity (Item-
Level Content Validity Index (I-CVI) = 1.00; Scale-Level Content 
Validity Index (S-CVI) = 1.00). No reliability testing was 
performed for the participants. The final questionnaire 
comprised 15 questions across three sections: demographic data, 
knowledge and perception regarding 3D printing for 
periodontal regeneration. The survey included Periodontology 
postgraduate students registered with the Dental Council of 
India and dental interns from Indian dental institutions. 
Individuals unwilling to participate, undergraduate dental 
students, dental technicians, teaching and non-teaching faculty 
and those without internet / social media access were excluded. 
The sample size was calculated using the formula n = ((Z_ (1 - α 
/2))2 (pq))/d2 with an assumed prevalence of 80%, 95% confidence 
level and 5% absolute precision yielding a required sample of 246 
participants. 95% Wilson confidence interval were calculated for 
the most frequent response to each questionnaire item and effect 
size were reported using Cramer's V. Snowball sampling was 
used for maximum participation. The survey required a Google 
sign-in to restrict responses to one per participant, email 
addresses were used solely for validation and were excluded 
from the final dataset. No missing responses were reported. 
Responses from the survey were transferred to a Microsoft Excel 
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(version 16.0; Microsoft, Redmond, WA, USA) spreadsheet for 
data entry and preliminary analysis. The Statistical Package for 
Social Science (SPSS) version 21 for Windows (SPSS Inc., 
Chicago, IL) was used for statistical analysis. The mean and 
standard deviation were used to convey descriptive quantitative 
data respectively. Frequencies and percentages were used to 
express descriptive qualitative data. The Chi-square test was 
used to evaluate associations between participant groups and 
questionnaire responses. 
 
Results: 

After the questionnaire was circulated an overall of 250 
responses (101.6%) was successfully achieved from the target 
statistical power sample size. Out of which 128 came from 
Periodontology postgraduate students and 122 were dental 
interns (Table 1). Among them, 127 respondents were male and 
123 respondents were female with most respondents belonging 
to the age group of 24-27 years. Regarding the knowledge of 3D 
printing, about 46.9% postgraduate students were familiar about 
3D printing in dentistry with 45.9% dental interns being 
unfamiliar about 3D printing (p < 0.001) (Table 2), of which we 
discovered that 3D printing is most commonly used in 

Periodontology and Implantology (58.4%) followed by Oral 
Medicine and Radiology (42.4%) (Table 4). 50.7% postgraduate 
students believe that 3D printing is most commonly used for 
bone scaffolds followed by 47.6% in guided tissue regeneration 
(Table 3).  Coming to the knowledge of periodontal 
regeneration, 51% postgraduate students believe the primary 
advantage of using 3D printing is to incorporate bioactive factors 
(p = 0.664) (Figure 1a). 41% postgraduate students believe that 
using 3D printing is time saving and it reduces scarring (45%). 
Biodegradability is the key factor to consider when designing a 
3D printed scaffold for periodontal regeneration as answered by 
46% postgraduate students (Figure 1b). 34% postgraduate 
students and 20% dental interns were acquainted of the current 
limitations of 3D printing for periodontal regeneration. 

Regarding the future directions and potential advancement in 
3D printing for periodontal regeneration, 50% postgraduate 
students have answered printing technologies (p = 0.222) (Figure 
1c). For the perception of periodontal regeneration, 34% 
postgraduate students think that 3D printing can improve the 
aesthetic outcomes of periodontal regeneration and will change 
the way dental practices operate in the future (p = 0.061) (Figure 
2).

 
Table 1: Demographic data of the respondents 

Characteristic Group  Number (n) Percentage (%) 

Gender Male  127 50.80% 
  Female  123 49.20% 
Academic Level Periodontology Postgraduate students  128 51.20% 
  Dental Interns 122 48.80% 
Total Participants    250 100 

 
Table 2: Knowledge regarding 3D printing in dentistry and periodontal regeneration 

Response  PG Students n (%)  Intern’s n (%)   Total n (%)  P – Value  

Very familiar  60 (46.9)  22 (18.0)  82 (32.8)    

Somewhat familiar  46 (35.9)  44 (36.0) 90 (36.0) <0.001* 

Not familiar  22 (17.1)  56 (45.9)  78 (31.2)   

Note - ** Highly Significant, * Significant 
 
Table 3: Areas of Periodontology where 3D printing is mostly used 

Response  PG Students n (%)  Interns’ n (%) Total n (%) P – Value  

Customized membranes  41 (32.0) 33 (27.0) 74 (29.6)   

Surgical guides  52 (40.6)  33 (27.0)  85 (34)  0.041* 

Guided tissue regeneration 61 (47.6) 64 (52.4)  125 (50)   

Bone scaffolds 65 (50.7)  56 (45.9) 121 (48.4)   

Note - ** Highly Significant, * Significant 
 
Table 4: Dental specialties in which 3D printing is commonly used 

Response  PG Students n (%) Interns n (%)   Total n (%)  P – Value 

Orthodontics and Dentofacial Orthopedics  41 (32.0) 36 (29.5) 77 (30.8)  

Oral and Maxillofacial Surgery    49 (38.2)  36 (29.5)  85 (34)  0.076 

Oral Medicine and Radiology  60 (46.8)  46 (37.7) 106 (42.4)  

Periodontology and Implantology   78 (60.9)  68 (55.7)  146 (58.4)  

Note - ** Highly Significant, * Significant 
 

Discussion: 

Prosthodontics, Orthodontics, Restorative Dentistry, Oral 
Implantology and Endodontics are some of the branches that use 
3D printing. Potential periodontal uses of 3D printing, such as 
scaffold construction, alveolar ridge preservation, bone 
augmentation, guided implant insertion and instructional 
models, were documented by Gul et al. [16]. Despite its progress, 
there is a dearth of information regarding Periodontology 

postgraduate students and dental interns’ perceptions and 
knowledge of 3D printing. The primary forte of this survey is the 
investigation on 3D printing in dentistry among postgraduate 
students in Periodontology and dental interns, both of which 
dynamically participate in the clinical and laboratory fabrication 
of the desired products. 
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Figure 1a: Knowledge on periodontal regeneration 
 

 
Figure 1b: Clinical uses of 3D printing in periodontal 
regeneration 
 

 
Figure 1c: Limitations and future directions of 3D printing in 
periodontal regeneration 

 
Figure 2: Perception of periodontal regeneration 
 
According to Gattani et al. [17], 3D printing allows for the 
customisation of periodontal regenerative therapies and may 
enhance surgical planning by utilizing various additive 
manufacturing processes. A survey done by Jawahar et al. [18] 
stated that 73% dental practitioners contemplate that 3D printing 
is used in India and 25% think that it is not used in India. 
Acharya et al. [13]  conducted a cross – sectional questionnaire 
study where he discovered that 98.9% practitioners were 
familiar about the usage of digital technology in dentistry with 
17.7% dental technicians being unfamiliar about 3D printing and 
according to our survey, 46.7% postgraduate students are very 
familiar about 3D printing and 45.9% dental interns are 
unfamiliar about 3D printing (p < 0.001). Hegedus et al. [12] 

stated that 81.6% practitioners think of using 3D printing to 
create intricately designed prostheses and, in our survey, almost 
50.7% postgraduate students recommended that 3D printing can 
be useful for bone scaffolds followed by 47.6% in guided tissue 
regeneration (p = 0.041). 3D printing technologies modify facial 
implants for every patient with the use of imaging techniques 
like computed tomography (CT) and magnetic resonance 
imaging (MRI) [19]. A variety of metal products, including AM 
titanium dental implants, custom titanium mesh for bone 
grafting procedures, crowns and bridges and prostheses that can 
produce dense end products, have been produced using metal 
alloys in 3D printing, [20] and according to our survey, 41% of 
both dental interns and postgraduate students believe that 
polymers (example – Poly lactic- co -glycolic acid (PLGA)and 
Polycaprolactone (PCL)) are compatible with 3D printing (p = 
0.206). According to Vijay et al. [21], 3D printing has the ability to 
stimulate the regeneration of missing periodontal tissues and 
create customized constructions made of biocompatible 
materials. Before regenerative biomaterials are used in clinical 
settings, their biological performance should be assessed using 
outcomes including mineralisation, cellular differentiation, 
immunomodulatory effects and angiogenesis [22]. A 
questionnaire study by Alamri et al. [23] found that 94.4% dental 
students recognized the advantages of 3D models for the 
placement of an implant and in our survey, 51% postgraduate 
students anticipate that 3D printing can be used to incorporate 
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bioactive factors (p = 0.664). The controlled positioning of cells, 
biomaterials and growth factors within scaffolds intended to 
promote the regeneration of gingival tissues, alveolar bone and 
periodontal ligament is made possible by recent advancements 
in 3D bioprinting [24]. 76.7% dental interns think that when a 
product is 3D printed, there is slight waste of raw materials. A 
40% reduction in material waste can improve the sustainability 
of manufacturing [25]. Up to 95–98% of the powder material 
used in Selective Laser Melting (SLM) and Selective Laser 
Sintering (SLS) can be recycled during the printing process [26]. 

Coming to the amount of time spent on patients care, 76% 
practitioners have confidence that 3D printing saves time. One-
day dentistry can benefit from 3D printing, but in order to 
ensure a smooth and accurate workflow, significant execution is 
necessary before taking a final decision. The postgraduate 
students had a better understanding and knowledge regarding 
3D printing for periodontal regeneration as compared to dental 
interns. Due to a drought of services, support, training and 
knowledge, dental practitioners and dental technicians might 
experience a difficult time in determining which brand to 
procure or complications in the creation of products [12] and 
according to our survey, 34% postgraduate students and 20% 
dental interns find these as the limits of 3D printing for 
periodontal regeneration (p = 0.045). Although there are still 
issues with clinical translation, recent developments in 3D 
printing and CAD/CAM technologies have increased the 
possibility of patient-specific periodontal scaffolds [27]. 
According to postgraduate students and dental interns, the 
difficulties with 3D printing for periodontal regeneration are 
degradation rates (49%) and mechanical properties (45%) (p = 
0337). The regenerative capacity of 3D-printed scaffolds depends 
partly on membrane design, permeability and pore properties, 
which influence cellular repopulation and tissue regeneration 
[28]. Recent advances in 3D - printed periodontal scaffolds have 
focused on improving material properties, scaffold architecture, 
bioactivity and personalized regenerative approaches; although 
challenges related to degradation, mechanical properties and 
clinical translation still remain [29]. By assisting in the repair of 
intricate periodontal tissues, the combination of bioactive 
delivery technologies, tissue engineering techniques and 3D-
printed scaffolds presents new possibilities for periodontal 
regeneration [30]. The significance of incorporating digital 
technology into dental education is shown by evaluating dental 
students' knowledge, practical experience and educational 
preferences about 3D printing [31]. Consequently, workshops, 
social media and webinars should be used for efficient training, 
experience and information sharing. 3D printing must be 
integrated in dentistry, postgraduate courses and undergraduate 
courses. The present study enhances current knowledge by 
delivering specialty - specific evidence on the knowledge and 
perception of Periodontology postgraduate students and dental 
interns regarding 3D printing in periodontal regeneration. It 
relates an educational gap between the two groups and 
emphasizes the need for structured education, hands - on 
training and curriculum integration to empower the suitable 
clinical application of 3D printing in Periodontology. 

Conclusion: 
By improving treatment precision, customization and 
regenerative results, 3D printing has completely transformed 
Periodontology by bridging the gap between biological 
regeneration and digital technology. It is anticipated that 3D 
printing will become a crucial component of standard 
periodontal care and education as research advances and 
technology becomes more accessible and inexpensive for our 
budding dentists. Additive manufacturing will be crucial to 
enhancing patient care, clinical success and long-term 
periodontal health in the future of Periodontology, which is 
focused on individualized and digitally driven treatment 
options. 
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