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Abstract

Background: Artificial intelligence (AI), electronic dental records (EDRs) and telediagnostics promise improvements in diagnostic accuracy, workflow efficiency, and access to specialist care. In Pakistan the transition from manual to digital dental practice is constrained by infrastructure, finance, and training gaps. This study explored dentists’ perceptions and capacity to adopt EDRs and telediagnostics in Multan, Pakistan.

Methods: A qualitative exploratory design was used. Semi-structured interviews (26 to 32 min) were conducted in person or via secure virtual platforms, audio-recorded, and transcribed verbatim. Data were analyzed using Braun and Clarke thematic analysis two researchers independently coded transcripts, and member-checking and peer debriefing supported trustworthiness. Reporting follows consolidated criteria for reporting qualitative research (COREQ).

Results: Purposive sampling recruited 15 licensed dentists practicing in Multan (≥ 1 year experience) across private, public, and mixed settings. Participants were aged 25 to 34 years (33.3%), 35 to 44 years (46.7%), and ≥ 45 years (20.0%). Among the dentists, 53.3% were general dentists, 46.7% were consultants, and 53.3% were male. Five themes emerged: (1) “Background and Digital Engagement” (extent of exposure; learning pathways); (2) “Current Practice and Workflow” (hybrid documentation; use of digital imaging/data sharing); (3) “Barriers and Enablers to Adoption” (financial/resource constraints, infrastructural/technical capacity, platform availability); (4) “Perceptions and Preparedness” (anticipated benefits for remote diagnosis; concerns regarding data privacy, reliability; variable practical readiness); and (5) “Recommendations for Policy and Governance” (awareness vs. implementation gap; call for incentives, guidelines, and targeted training). Participants reported pragmatic adoption of imaging and hybrid record-keeping but identified interconnected financial, technical, and governance barriers limiting broader uptake.

Conclusions: Dentists in Multan show early, uneven adoption of digital tools. To enable safe, equitable integration of telediagnostics and AI, policymakers and institutions should prioritize affordable, interoperable EDRs, accredited modular training, technical support, and clear governance mechanisms.

Plain Language Summary

Digital technologies such as artificial intelligence (AI), electronic dental records (EDRs), and telediagnostics have the potential to improve diagnosis, patient management, and access to specialist care. However, in Pakistan, many dental clinics are still transitioning from paper-based to digital systems, facing challenges related to infrastructure, cost, and limited training.

This qualitative study explored how dentists in Multan perceive and use digital dental technologies. Fifteen licensed dentists from private and public clinics participated in 30-minute interviews discussing their experiences, practices, and challenges.

Most participants reported using digital imaging, but many relied on hybrid paper–electronic systems. While dentists acknowledged benefits such as improved efficiency and remote consultations, concerns were raised about financial barriers, unreliable internet connectivity, limited technical support, and data privacy.

Overall, digital adoption is emerging but inconsistent. Expanding affordable systems, structured training, stronger infrastructure, and clear regulatory frameworks are essential to support safe and effective implementation.
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The rapid advancement of digital technologies, particularly artificial intelligence (AI), is transforming healthcare systems worldwide. In addition, AI-powered diagnostics, digital record-keeping, and teledentistry are revolutionizing patient care in the dental profession.1 AI-driven imaging systems, automated diagnosis, and machine learning algorithms have enhanced clinical decision-making, improved efficiency, and facilitated remote consultations.2,3 Adoption of digital records and telediagnostics is a crucial step toward integrating AI and optimizing teledentistry practices. Digital records, often referred to as electronic health records (EHRs), are “computer-based dental documentation” that manage patient information, including identification data, clinical notes, treatment plans, and outcomes.4,5 However, telediagnostics, a subset of telemedicine, involves the remote diagnosis of patients through the transmission of clinical data and images to specialists for evaluation.

In the context of dentistry, telediagnostics refers to the remote diagnosis of dental conditions through the transmission of clinical information and images over distances. This approach enables dental professionals to assess patient cases without the need for an in-person visit, facilitating consultations and treatment planning. Telediagnostics is a component of teledentistry, which combines telecommunications and dentistry to improve access to oral healthcare, enhance service delivery, and reduce costs. However, despite these advancements, many developing countries, including Pakistan, face significant challenges in transitioning from traditional manual systems to digital dentistry.6–8

Pakistan’s dental healthcare system largely relies on conventional record-keeping and in-person consultations, which limit the potential benefits of AI and digital technologies. The lack of digital infrastructure, limited financial resources, and insufficient training in emerging dental technologies contribute to this slow transition.9 In cities such as Multan, where dentistry is expanding, understanding capacity among dentists to adopt digital records and telediagnostics is essential to bridging the gap between traditional practices and AI-driven innovations.

By assessing their readiness, willingness, and perceived barriers, this study aims to explore the feasibility of integrating digital solutions in routine dental practice.

Digital records enhance clinical efficiency by streamlining patient information management, reducing errors, and improving continuity of care.10 Likewise, telediagnostics, an essential component of teledentistry, enables remote consultations, which is particularly beneficial for rural and underserved populations with limited access to specialized dental care.4 AI-powered teledentistry can assist in early diagnosis, treatment planning, and remote monitoring, ultimately improving patient outcomes. However, the adoption of these technologies depends on multiple factors, including dentists’ familiarity with digital tools, institutional support, regulatory policies, and infrastructure availability.11

Several studies highlighted the potential for digital dentistry to improve healthcare delivery, yet empirical research on its adoption in Pakistan remains scarce.3 This study is the first of its kind in terms of qualitative research based on digital adoption by dentists working in South Punjab, a region where resource accessibility to urban health services is underdeveloped. In the context of Multan, provided here, there is perspective regarding the concept of digital preparedness in the environment where the barriers of insufficient infrastructure are present alongside the growing interest in global telehealth and AI-based innovations. This study aims to explore the perceptions and capacity of dentists in Multan toward adopting digital records and telediagnostics. The results will help to inform strategies for AI-driven teledentistry integration in Pakistan.

Methodology

This qualitative exploratory study was conducted to assess the capacity of dentists to adopt electronic dental records (EDRs) and telediagnostics in Multan, Pakistan. The study captured dental practitioners’ experiences, attitudes, and contextual constraints in dental practice settings.

Purposive sampling was used to recruit practicing dentists. The population was stratified by age, sex, years of practice, and designation. All dentists have a permanent license from the Pakistan Medical and Dental Counsil (PMandDC), currently practicing in Multan with a minimum of 1 year of clinical experience, and have a willingness to participate.

Dentists not actively engaged in clinical practice, having a provisional PMDC license, and practicing outside Multan were excluded. Recruitment continued until thematic saturation was achieved. Participants were approached through their official contact numbers. A total of 40 dentists were invited to participate. Twenty-seven (67.5% response rate) expressed willingness to participate. Data collection ceased after 15 interviews (saturation was reached at interview,12 and two additional interviews were conducted to confirm saturation).

Data were collected using semi-structured in-depth interviews, developed through an extensive review of the relevant literature and refined with input from subject-matter experts.13 The interview guide (see Appendix) was designed to elicit insights on several core themes: awareness and understanding of digital records, telediagnostics, and teledentistry; current usage and perceived benefits; barriers to adoption such as infrastructural and financial limitations; and expectations regarding the future integration of AI-driven solutions in dental care. Interviews were conducted in settings that assured privacy and comfort, either face-to-face within clinical environments or via secure virtual platforms, with each session lasting between 26 and 32 min. All interviews were audio-recorded with participants’ prior informed consent. Detailed field notes were maintained to capture nonverbal cues and contextual nuances.

Each interview was transcribed verbatim, and the transcripts were subsequently analyzed manually using Braun and Clarke thematic analysis framework.12 Two researchers independently coded the initial five transcripts, compared coding decisions, and reconciled discrepancies through discussion. Throughout analysis, constant comparison, and peer debriefing supported theme development and ensured analytic consistency. Member checking was done to ensure trustworthiness in findings.

Ethical permission was obtained from the institutional review board of Bakhtawar Amin Dental College and Hospital (286/23/COD), and all participants provided written informed consent prior to their involvement.

The study methods and findings are reported in accordance with the Consolidated Criteria for Reporting Qualitative Research (COREQ).14

Results

A total of 15 dentists from Multan participated in this study. The participants represented diverse backgrounds in terms of age, sex, years of experience, and level of expertise. Among the respondents, 5 (33.3%) were aged 25 to 34 years, 7 (46.7%) were aged 35 to 44 years, and 3 (20.0%) were older than 45 years. Eight participants (53.3%) were male and 7 (46.7%) were female. Regarding professional experience, 4 (26.7%) had 2 to 5 years of experience and 5 (33.3%) had 6–10 years. Four (26.7%) had 11 to 15 years, and 2 (13.3%) had more than 15 years of experience. With respect to areas of expertise, eight participants (53.3%) were general dentists, while the remaining seven (46.7%) were consultants with postgraduate clinical qualifications. Table 1 provides a summary of these demographics.




Table 1.Demographics of the participants (N = 15).


	Characteristic
	Category
	n
	Percentage (%)





	Age (years)
	25 to 34
	5
	33.3



	35 to 44
	7
	46.7



	> 45
	3
	20.0



	Sex
	Male
	8
	53.3



	Female
	7
	46.7



	Experience (years)
	2 to 5
	4
	26.7



	6 to 10
	5
	33.3



	11 to 15
	4
	26.7



	> 15
	2
	13.3



	Designation
	General dentist
	8
	53.3



	Consultant
	7
	46.7




Thematic analysis of interview transcripts generated five broad themes with two to three subthemes that summarize the general views of the dentists about using digital records and telediagnostics in Multan (Figure 1).

Fig. 1.Qualitative results.
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The first theme, “Professional Background and Digital Engagement,” points to differences in practitioners’ exposure to digital versus paper-based record systems. This theme highlights variability in digital experience. Some dentists still follow manual, paper-based protocols, whereas others have begun adopting EDR systems through workshops and self-directed learning.

The second theme, “Current Practices and Workflow,” outlines how documentation and imaging are actually conducted in regular care, with the adoption of hybrid paper and digital record systems as well as increasing use of digital imaging tools in recent years through inexpensive digital X-ray software.

The third theme, “Barriers and Enablers to Adoption,” includes financial and resource barriers and infrastructural and technical capacity barriers that directly limit dentists’ ability to adopt EDRs and telediagnostics. Moreover, features of available digital platforms are making this transition affordable for private clinics.

The fourth theme, “Perceptions and Preparedness,” includes the anticipations of clinicians regarding the utility of remote diagnosis, unresolved fears of data privacy and system stability, and the inconsistent practical maturity of the clinics already equipped with limited digital solutions.

Lastly, “Recommendations for Policy and Governance” consolidate the provision of national efforts by regulators, perceived local and institutional gaps in implementation, and specific solicitation of incentives, clear direction, and focused training to facilitate safe, equitable adoption.

Discussion

This qualitative research explored the perceptions of dentists about implementing digital dental records and telediagnostics in Multan, Pakistan. This study identified five interrelated themes describing Pakistani dentists’ digital engagement and the barriers/enablers to telediagnostic adoption, including (1) professional background and digital engagement; current practice and workflow; (2) barriers and enablers to adoption; (3) perceptions and preparedness; (4) recommendations for policy and governance that reflect that the dental sector is minimally digitalized; and (5) barriers that currently hinder broader adoption.

There are differences in the level of digital engagement for dental record and diagnosis purposes among participants. This mirrors an Indian study (2024) reporting uneven teledentistry awareness that highlighted varied awareness and skills in the use of teledentistry.15 Moreover, a multicentric study conducted in India in 2025 reported that awareness and adoption of digital tools in dental education vary by educational status, gender, and institution.16 This trend indicates that workforce preparedness is disproportionate and that application will not be automatic across all areas where digital tools are available. Instead, adoption occurs along a gradient defined by previous exposure, access to training, and institutional preferences and resources.

The theme “Current Practice and Workflow” highlighted the adaptation of hybrid documentation practices and digital imaging (digital X-rays and intraoral cameras) that is fairly well-established in most practices, but overall, teledentistry services. The findings are consistent with a review published in 2023 that concluded while digital imaging is commonly adopted, comprehensive digital record-keeping systems are less frequently utilized in dental practices.17 This might be due to incurring immediate costs and disruption experienced with completely digitizing systems, especially in resource-constrained settings.

Participants also highlighted enablers and barriers of digital adaptation. The findings underscore that barriers are multifactorial and interdependent. Financial constraints, unreliable connectivity, interoperability concerns, and the uneven availability and affordability of suitable platforms were repeatedly highlighted. This concurs with evidence from low- and middle-income settings where cost, infrastructure, and platform suitability are consistent impediments to teledentistry and EDR adoption.18 However, the developed countries have started to institutionalize teledentistry programs, as reported in a study conducted across 19 countries in 2022.19

The theme “Perceptions and Preparedness” reflected both benefits and limitations of telediagnostics and AI to enhance access (especially to remote patients) and significant concerns about data privacy, clinical boundaries of remote diagnosis, and system stability. The findings are consistent with another study conducted in 2021 that highlighted several constraints related to teledentistry, including lack of government initiatives, compensation strategy, legal issues, technical base, and limitations in telediagnosis.20 Participants focused on practical preparedness, that is, scaled-down, practical systems at hand now, as opposed to aspirational, fully-fledged solutions for step-by-step digital transformation.




Table 2.An overview of themes, subthemes, and representative quotations.


	Theme
	Subtheme
	Representative quotation





	Professional background and digital engagement
	Extent of digital exposure
	“I have been practicing for 15 years using manual paper-based files and records and now have started exploring digital records and telediagnostics…” (P10Mg)



	Learning pathways
	“I learned about digital tools through attending workshops, and most of my knowledge is self-acquired from online resources…” (P11Fg)



	Current practices and workflow
	Hybrid documentation systems
	“I document patient records using both paper files and a basic digital system through a local subscription of a software …” (P18Mg)



	Use of digital imaging tools
	“The recent transformation I witnessed the adaptation of digital X-ray machines and intraoral cameras for imaging, which has improved our diagnostic capabilities, especially in complex procedures like…” (P13Fg)



	Barriers and enablers to adoption
	Financial and resource constraints
	“High costs and inadequate equipment relevant software and devices make this transition difficult…” (P20Mg)



	Infrastructural and technical capacity limitations
	“Our outdated infrastructure, especially unreliable internet connectivity, poses a major challenge even for consultations and diagnosis…” (P15Fc)



	Digital record and teleconsultation platforms
	“Availability and competition in digital record software’s and private teleconsultation platforms, making digital records and teledentistry more affordable, practical and feasible…” (P19Fc)



	Perceptions and preparedness
	Perceived benefits for remote diagnosis
	“I can anticipate significant reduction in patient load through digital consultation in remote areas…” (P14Mg)



	Data privacy, reliability and clinical limits of remote care
	“Main concern is system reliability and data privacy as we shift to these new digital platforms. How do these digital data management platforms ensure privacy of our patients?…” (P21Fg)



	Practical readiness
	“I’m currently using …. to enter all the patient data, and it is digitally accessible to our team members. Due to limited financial resources we are currently using these free sheets …” (P22Mc)



	Recommendations for policy and governance
	Awareness of national initiatives
	“I have about digital health policies like Pakistan’s Digital Health Vision, but I think these are on paper; practically, I have-not seen any impactful initiative from government…” (P16Mc)



	Implementation gap at local/institutional level
	“There is a pressing need for more effective local implementation of these digital initiatives in institutions and government hospitals as well…” (P24Mc)



	Incentives, guidelines, targeted training
	“Regulators should provide clear guidelines, offer training programs and relief in tax while facilitating adaptation to these digital platforms…” (P11Fg)


	Legend of Abbreviations: P = Participant; Number = Unique number allocated to each participant; M = Male; F = Female; g = General Dentist; c = Consultant.
Examples: P11Fg = Participant, Unique number allocated to participant, Male General Dentist P10Mg = Participant, Unique number allocated to participant, Female General Dentist P24Mc = Participant, Unique number allocated to participant, Male consultant P15Fc = Participant, Unique number allocated to participant, Female consultant.





On “Policy and Governance,” participants were superficially familiar with the national digital health vision but stated that there was a large gap between on paper and practical implementation. This discrepancy between paper policy and restricted downstream support is not unique and likely explains why national strategies do not always become routine clinical practice. Additionally, the results are consistent with the 2020 study.19 Participants also believed that incentives, explicit regulations, tax exemptions, and structured training and education are practical leverages and can be used by policymakers and professional organizations to speed adoption without compromising the quality and equity. The findings also aligned with a study conducted in 2020 that stated policymakers should address barriers to teledentistry by updating workforce, reimbursement, incentivization, and legal policies.21

The findings highlighted that specific capacity-building initiatives that boost the digital skills of clinicians, institutional policy and implementation plans, and uniform digital record-keeping guidelines are needed from regulators. Some of the measures that can be taken by the government and relevant stakeholders include subsidization of core technologies, enhanced infrastructure, and promotion and facilitation of digital clinics/institutions. These steps will help increase the transformation toward teledentistry and facilitate the implementation of AI-based tools in similar areas.

Strengths

The strengths of the study included purposive sampling for inclusion of different practice types, age groups, designations, and experience levels, resulting in a multi-perspective image of the readiness landscape. The analytic method aggregated closely related concerns (e.g. training as both barrier and enabler) into thematic constructs, which were easier to interpret in the context of policy and practice. Moreover, the findings are consistent with the constructs of the Technology Acceptance Model (e.g. perceived usefulness and perceived ease of use) and Diffusion of Innovation theory (e.g. relative advantage, compatibility, and complexity). Perceived usefulness was revealed by the interest of the participants in streamlined workflows, and the apprehension of training, cost, and disruption of workflow was associated with complexity and compatibility barriers. Such theoretical connections put Multan in a position where this area can be part of the general global trends in the usage of digital technologies through planning and facilitation.

Limitations

The limitations included a sample drawn exclusively from Multan, which limits geographic generalizability across Pakistan’s diverse health systems and urban–rural divides. Self-selection and social desirability might have biased responses toward aspirational statements about technology, and participants might have portrayed greater digital readiness than actually practiced. This was mitigated by ensuring anonymity, emphasizing that there were no right or wrong answers, and reassuring participants that their responses would not affect professional standing. Moreover, this cross-sectional qualitative design captures perceptions at a single point in time. And during recruitment, fewer senior clinicians were available and willing to participate, which reflects the informal impression of a younger practicing workforce in private clinics in Multan. This imbalance might bias the findings toward greater openness to digital technologies, and perspectives of older clinicians are therefore under-represented.

Future multi-site qualitative or mixed-methods studies with larger and more demographically varied samples are needed to examine the transferability of these findings and to better understand how the identified barriers and enablers manifest across different regions.

Conclusions

This study highlights both the opportunities and challenges associated with the adoption of digital records and telediagnostics in dental practice. While the study recognized potential benefits of EDRs and telediagnostics, it also highlighted significant barriers, including limited financial, technological, training, and infrastructure resources. The study also highlighted the transition of most practices into hybrid systems due to the recent entry of market-competitive low-cost digital record and teledentistry platforms. The study also recommended regulator-enforced guidelines, policies, and technological training through infrastructure development and appropriate resource allocation to facilitate effective digital integration in dentistry.
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Addendum

Interview Guide


	Can you briefly describe your experience in dental practice and your familiarity with digital records and telediagnostics?


	How do you currently document patient records, including diagnoses and treatment plans? What digital tools (e.g. computers, smartphones) do you use in this process?


	How do you utilize imaging tools (such as X-rays or intraoral cameras) in your clinic, and how is diagnostic data shared with specialists?


	What are the primary obstacles you face or anticipate facing in adopting digital records and telediagnostics?


	What type of training or support would help you more effectively integrate digital tools and prepare for the future use of AI-driven diagnostics and teledentistry in your practice?


	How do you envision the role of EDRs and telediagnostics in enhancing dental care, particularly in relation to diagnosis and treatment planning for remote patients? What potential benefits or concerns do you associate with its implementation?


	Are you aware of any national policies (for example, Pakistan’s Digital Health Vision) that promote digital healthcare? How do you feel these policies impact your practice, and what policy changes or support mechanisms would you recommend to facilitate broader digital adoption?


	
Is there anything else you would like to share about your experience with or concerns about the adoption of digital records and telediagnostics?
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