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Abstract
Background: 
Various three-dimensional (3D) technologies like computer-aided design and computer-aided manufacturing (CAD/CAM), intraoral scanning, cone beam computed tomography (CBCT), and 3D printing have revolutionized in modern dental practice. These technologies help in accuracy, precision, efficiency and patient comfort for diagnostic and treatment evaluation. Most of the research has focused on assessing knowledge of 3D technology among dental professionals and students henceforth very few literature explores in assessing awareness and knowledge among patients who benefits from these advancements. This study aims to assess the knowledge and awareness regarding the use of 3D technology in dentistry among patients in Chengalpattu District, Tamil Nadu, India.
Materials and methods:
 A descriptive cross-sectional questionnaire-based study was conducted among 201 patients attending dental clinics in Chengalpattu District. A structured questionnaire was fabricated to assess demographic details, awareness of 3D technology with applications.  Data were analyzed using descriptive statistics as frequencies and percentages.


Results:
A total of 202 participants were included in the study. Among the participants, 32% belonged to the age group of 45–60 years, and 52.5% were male. Regarding educational status, 48.5% of the participants were various degree undergraduates (98%) reported having visited a dentist before. About 44.6% of the participants were aware of its use. The sources of information included dentists (39.6%), the internet and social media (38.6%), television or news media (24.8%), and friends or family members (20.8%); 57% reported other sources of awareness. About 59% of the participants were unsure about the benefits of using 3D technology in dentistry, and 52.5% were uncertain whether 3D technology makes dental treatment safer. With respect to perceptions and attitudes, 40.6% of participants reported feeling more confident in dental treatments that involve 3D technology. With respect to cost (71.3%) believed that the use of 3D technology increases the cost of dental treatment. About 38.6% of participants had previously undergone a dental procedure involving 3D technology, while 28.7% had experienced a 3D scan for crown or bridge fabrication.38.6% of participants rated their experience with 3D technology in dental care as excellent.,40.6% expressed a preference for choosing a dental clinic that uses 3D technology over one that does not, (52.5%)  of participants would like their dentist to explain how 3D technology is used in their treatment, and 41.6% strongly agreed that 3D technology should be widely adopted in dental practice.
Conclusion: 
Our study shows patient awareness about 3D technology in dentistry is limited in Chengalpattu District. However, patients showed positive attitudes toward the use of digital technologies in dental treatment. Educating patient about 3D technologies can increase acceptance and help them to gain confidence towards treatment procedures. The study highlights the importance of using patient-centered approaches while introducing digital dentistry into routine practice.
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Introduction:
     Over the last several decades, dentistry has seen enormous growth, primarily due to fast-paced developments around digital technologies. Digital 3D technology is now at the heart of modern dentistry and how we diagnose and plan for treatment in today's dental world. Digital imaging, computer-aided design and manufacturing (CAD/CAM), intraoral scanning, cone beam CT (CBCT), and 3D printing are all examples of digital technologies used to allow us to provide dental services in a more efficient, precise and patient-centred way. [1-3]
Before digital dentistry started using digital impressions many traditional techniques were used for dental treatment such as elastomeric impression materials, model plaster plus 2D x-ray film images. Traditional techniques still are used today but many issues can arise which will result in pain, excessive waiting time for service delivery, inaccurate physical measurement, discomfort for patients, or varying laboratory results [4]. The introduction of 3D technologies has addressed most of these issues [5]. 
The greatest advancement in digital dental technology arose from the combination of 3D computer-aided design (CAD) and computer-aided manufacturing (CAM), where the DENTAL CAD/CAM SYSTEM can be integrated into existing Dentists’ equipment enabling them to accurately create a digitally designed (digital model) for a variety of types of restorations including crowns, bridges, veneers, inlays/onlays and dental implants prosthodontic appliances [6].Intraoral scanners have basically eliminated the need for traditional impression methods and provided more comfort for patients while significantly reducing the problems associated with distortion caused by making a traditional impression and handling materials. [7] The use of CBCT imaging makes it possible to visualize the craniofacial structures in three dimensions allowing for precise diagnosis, accurate implant planning, assessment of bone density, and finding important anatomical landmarks. [8] 3D Printing Technology has expanded the number of things that can be created through dentistry such as surgical guides, orthodontic devices, temporary restorations, and maxillofacial prosthetics. [9,10]
In addition to having technical and clinical benefits, successfully implementing 3D technologies has also been dependent on the patient’s level of awareness, comprehension, and acceptance of technology. Patients who are well informed will be more trusting of advanced technologies, will follow the clinical recommendations and will have realistic expectations of their treatment outcome. [11] 
There are lot of research conducted on 3D technologies for dentist and dental student but less literature shows studies conducted for patients. 
Therefore, the present study aims to assess the knowledge, awareness, attitudes, and perceptions regarding the use of 3D technology in dentistry among patients in Chengalpattu District. By focusing on patient perspectives rather than those of dental professionals, this study seeks to address a critical gap in the existing literature and contribute to a more comprehensive, patient-centred understanding of digital dentistry.

Material and Methodology:

     A descriptive cross-sectional questionnaire-based study was conducted to assess the knowledge, awareness, and perceptions regarding the use of 3D technology in dentistry among patients attending dental clinics in Chengalpattu District, in the year 2025.  The study was carried out over a defined period following approval from the institutional ethics committee. Participant anonymity and data confidentiality were strictly maintained throughout the study. The study population consisted of 202 adult patients visiting outpatient departments of selected dental clinics in Chengalpattu District of age group above 18 years who are willing to participate and provided informed consent were included in the study. Patients with cognitive impairment, communication difficulties or those unwilling to participate were excluded. The sample size was determined based on convenience sampling, considering feasibility and patient availability during the study period.

A structured, self-administered questionnaire was developed after an extensive review of existing literature related to digital dentistry and CAD/CAM technology. The questionnaire was modified to suit a patient-based population and consisted of multiple sections assessing demographic details, knowledge, awareness of 3D technologies. The questionnaire was prepared in simple language to ensure comprehension by patients with varying educational backgrounds. The questionnaire was administered online using Google Forms and shared with practitioners to distribute among their patients in Chengalpattu District. The collected data are analyzed using SPSS software.











Result:
	Questions
	Options
	Percentage  (n=202)

	1. Have you ever visited a dentist before?
	Yes
	98

	
	No
	2.0

	2. Have you ever heard of 3D technology being used in dentistry?
	No
	44.6

	
	Yes
	38.6

	
	Not sure
	16.8

	3. Where did you hear about it?
	Dentist
	54.5

	
	Internet/social media
	21.8

	
	Tv/news
	13.9

	
	Friends/family
	9.9

	4. How familiar are you with the following 3D dental technologies?
a) 3Ddental scanners / intraoral scanners
	Slightly familiar
	11.9

	
	Not familiar
	66.3

	
	Extremely familiar
	21.8

	b) Cone beam computed technology[CBCT imaging]
	Not familiar
	68.3

	
	Slightly familiar
	12.9

	
	Moderately familiar
	4.0

	
	Very familiar
	1.0

	
	Extremely familiar
	13.9

	
c) 3D printing for dental appliances
	Not familiar
	87.1

	
	Slightly familiar
	7.9

	
	Moderately familiar
	2.0

	
	Very familiar
	2.0

	
	Extremely familiar
	1.0

	d) CAD CAM  for dental crown/bridges
	Not familiar
	79.2

	
	Slightly familiar
	6.9

	
	Moderately familiar
	2.0

	
	Very familiar
	10.9

	
	Extremely familiar
	1.0

	5. What do you think are the benefits of using 3Dtechnology in dentistry?
	More accurate diagnosis
	61.4

	
	Faster treatment time
	11.9

	
	Less discomfort
	10.9

	
	Better fitting crown and aligners
	8.9

	
	I’m not sure
	6.9

	6. Do you believe 3D technology makes dental treatment safer?
	Yes
	40.6

	
	No
	6.9

	
	Not sure
	52.5

	7. Would you feel more confident in a dental treatment that uses 3d technology?
	Yes
	40.6

	
	No
	18.8

	
	Maybe
	40.6

	8. Do you think 3d dental technology increases the cost of treatment?
	Yes
	71.3

	
	No
	4.0

	
	Not sure
	24.8

	9. Have you ever undergone a dental procedure that used 3d technology?
	Yes
	38.6

	
	No
	23.8

	
	Not sure
	37.6

	10. If yes, what type of procedure was it?
	3d scan for crown/bridge
	28.7

	
	CBCT imaging
	8.9

	
	3d printed aligners and dentures
	1.0

	
	Others
	61.4

	11. How would you rate your experience with 3d technology in dental care?
	Excellent
	38.6

	
	Fair
	1.0

	
	Not applicable
	60.4

	12. Would you be willing to choose a clinic that uses 3d dental technology over one that doesn’t?
	Yes
	40.6

	
	No
	9.9

	
	May be
	49.5

	13. Would you like your dentist to explain how 3d technology is used in your treatment?
	Yes
	52.5

	
	No
	6.9

	
	Doesn’t matter
	40.6

	14. In your opinion, should 3d technology be used more widely in dental practice?
	Strongly agree
	41.6

	
	Agree
	3.0

	
	Neutral
	45.5

	
	Disagree
	7.9

	
	Strongly disagree
	2.0


Table 1.  Represents The Descriptive Statistics based on the Questions responded by the Study Population (n=202)

         A total of 202 participants were included in the study. This study includes mostly middle-aged and older participants, with the highest proportion in the 45–60 years’ age group (32%), followed by those above 60 years (24%). There was slight male predominance (52.5%) males and (47.5%) females among the study population. In terms of education, nearly half of the participants were undergraduates of various degree (48.5%), while smaller proportions had high school education (21.8%), no formal education (17.8%), primary education (9.9%), and post-graduate education (2%).Almost all participants (98%) reported having visited a dentist previously, while only 2% had never visited a dentist. Less than half of the respondents (38.6%) had heard of 3D technology in dentistry. A larger proportion (44.6%) had not heard of it, and 16.8% were unsure, indicating limited overall awareness. Among those aware, the dentist was the most common source of information (54.5%), followed by internet/social media (21.8%), TV/news (13.9%), and friends or family (9. 9%).Most participants (66.3%) were not familiar with intraoral scanners. About 21.8% reported being extremely familiar, while 11.9% were slightly familiar. A majority (68.3%) were not familiar with CBCT technology. Smaller proportions were slightly familiar (12.9%), moderately familiar (4%), very familiar (1%), or extremely familiar (13. 9%).Most respondents (87.1%) were not familiar with 3D printing in dentistry. Only a small percentage reported any level of familiarity, with 1% being extremely familiar. A large majority (79.2%) were not familiar with CAD-CAM technology. About 10.9% were very familiar, while smaller proportions reported slight, moderate, or extreme familiarity. The most commonly perceived benefit was more accurate diagnosis (61.4%). Other benefits included faster treatment time (11.9%), less discomfort (10.9%), and better fitting crowns/aligners (8.9%), while 6.9% were unsure. More than half of the participants (52.5%) were not sure about safety benefits. About 40.6% believed it makes treatment safer, while 6.9% disagreed. Participants were divided, with 40.6% feeling more confident, 40.6% responding maybe, and 18.8% stating they would not feel more confident. Most respondents (71.3%) believed that 3D technology increases treatment cost, while 24.8% were unsure and 4% disagreed. Only 38.6% had undergone a procedure involving 3D technology. About 23.8% had not, and 37.6% were unsure. The most common procedure was 3D scanning for crowns or bridges (28.7%), followed by CBCT imaging (8.9%). Very few underwent 3D-printed aligner or denture procedures (1%), while 61.4% reported other procedures. Among respondents, 38.6% rated their experience as excellent, 1% as fair, while 60.4% marked not applicable, reflecting limited direct experience. Nearly half of the participants (49.5%) responded maybe, 40.6% said yes, and 9.9% said no, showing cautious acceptance. More than half (52.5%) wanted their dentist to explain the use of 3D technology, while 40.6% felt it did not matter and 6.9% did not want an explanation. Almost half of the respondents were neutral (45.5%), while 44.6% either agreed or strongly agreed that 3D technology should be used more widely. Only 9.9% disagreed or strongly disagreed.


Discussion:
In our study, we evaluated patient knowledge, awareness and perceptions regarding 3D technology in dentistry in Chengalpattu District. Our study shows patient awareness about 3D technology in dentistry is limited. According to Manski RJ,et al. in previous studies, a slight male predominance observed in the study is consistent with earlier community-based dental surveys, which have reported gender differences in healthcare utilization patterns [12]. Similarly, in our study also there was slight male predominance males and females.
 In our study, nearly half of the participants were undergraduates, indicating a moderately educated population. However, according to previous study by Ajzen T, et al. despite this educational background, awareness of 3D technology in dentistry was limited. This finding supports previous reports suggesting that general education alone does not ensure awareness of specialized medical or dental technologies [13]. In our study, almost all participants reported prior dental visits, indicating good access to dental care. Nevertheless, less than half had heard of 3D technology in dentistry. In study conducted by Alalawi H, et al. a Similar finding have been reported in assessing patient awareness of digital dentistry, where routine dental visits did not necessarily translate into improved technological awareness [14]. In previous study conducted by Armfield JM, et al. dentists were identified as the primary source of information among participants who were aware of 3D technology. This underscores the critical role of dental professionals in shaping patient knowledge and attitudes, as supported by previous studies emphasizing the influence of clinician communication on patient acceptance of digital workflows [15]., similarly our study also shows that the dentist was the most common source of information. In study done by Scarfe WC, et al. and study done by Miyazaki T,et al. where awareness of CBCT and CAD-CAM was significantly low among dental professionals and students [16,17].  But our study is based on the Knowledge regarding intraoral scanners, CBCT, CAD-CAM, and 3D printing among patients and it was notably low. According to previous study done by Bornstein MM, et al. and study done by Güth JF, Edelhoff, et al. the most commonly perceived benefit of 3D technology was improved diagnostic accuracy and also stated that digital imaging and CBCT enhance diagnostic precision and treatment planning [18,19], similarly out study also states that the most commonly perceived benefit was more accurate diagnosis (61.4%). Other benefits included faster treatment time (11.9%), less discomfort (10.9%), and better fitting crowns/aligners (8. 9%).Our study shows uncertainty regarding safety benefits was evident, with more than half of the participants were unsure whether 3D technology improves treatment safety. Previous studies done by Pauwels R, et al. have shown that lack of understanding about radiation dose, digital scanning, and computer-assisted procedures can contribute to patient apprehension [20]. Effective communication regarding safety protocols and evidence-based benefits could help address these concerns. Previous study done by Schwendicke F, et al. there is consistent with earlier reports indicating that patients often associate advanced technology with higher costs, even when long-term benefits such as fewer visits and improved outcomes are explained [21].  Similarly, our study shows cost perception emerged as a major barrier, with of participants believing that 3D technology increases treatment expenses. In our study more than half of the respondents wanted dentists to explain the use of 3D technology, this correlates with the previous study done by Kalenderian E, et al, that patient education significantly improves trust and acceptance of digital dental care [22].
Overall, the study demonstrates that although awareness and familiarity with 3D technology in dentistry remain limited, patient attitudes are largely neutral to positive. With improved communication, education, and cost transparency, wider acceptance and utilization of digital dentistry among patients can be anticipated.
Conclusion:
Overall, this study shows patient awareness about 3D technology in dentistry is limited in Chengalpattu District. However, patients showed positive attitudes toward the use of digital technologies in dental treatment. Educating patient about 3D technologies can increase acceptance and help them to gain confidence towards treatment procedures. The study highlights the importance of using patient-centered approaches while introducing digital dentistry into routine practice. 
Limitations:
 The study lacked correlation of patient awareness with factors such as the type of dental clinic visited and the dentist’s specific use of digital technology, which could have provided deeper insights. Furthermore, inclusion of populations from other regions with different socioeconomic statuses and healthcare profiles would have improved the generalizability of the findings
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