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Integrating digital, virtual reality (VR), and haptic technologies into dental educa-
tion transforms training by fostering immersive, student-centered environments.
These tools bridge theoretical knowledge and clinical practice, enhancing psycho-
motor skills, reducing anxiety, and enabling standardized assessments in risk-free
settings. The Digital, VR, and Haptic Thinkers Network drives global collaboration
and innovation. Drawing on insights from a 2025 conference at Queen Mary
University of London, this commentary explores advancements, challenges, and
future directions for VR-haptic integration in dental curricula. Results from global
implementations, including improved manual dexterity and procedural precision, as
well as enhanced pulpotomy performance, demonstrate a significant educational
benefit. In clinical dentistry, VR-haptic simulators enhance patient outcomes by
facilitating precise skill development for procedures in restorative dentistry and
endodontics, thereby reducing errors in real-world practice. Combining these
technologies with traditional methods is proposed to prepare competent, confident
dental professionals while addressing educational disparities. Rigorous validation,
strategic curriculum integration, and interdisciplinary collaboration are recom-
mended to maximize impact.

Introduction

Dental education faces persistent challenges: limited clinical
training opportunities, student anxiety, and inconsistent
skill assessments.! These issues are particularly pressing in
Europe and North America, where the rising demand for
dental care is projected to increase due to aging populations
and heightened oral health awareness. This strain on dental
health care and educational systems calls for stronger pri-
mary oral health care and innovation in dental education.?>
Globally, disparities in access to training exacerbate inequi-
ties in oral health care delivery, particularly in underserved
regions.

Digital, virtual reality (VR), and haptic technologies offer
transformative solutions by providing immersive, tactile
learning environments that replicate real-world procedures
without exposing patients to risk.* These tools enhance preci-
sion, confidence, ergonomic awareness, and long-term knowl-
edge retention, addressing gaps in traditional training.” VR and
haptic systems are now widely adopted across several medical
disciplines, including surgery,® dentistry,” anesthesiology,’
gynecology,® orthopedics,® and rehabilitation.'® In surgery
and dentistry, for example, haptic simulators support the
development of essential manual skills, while in rehabilitation,
they aid sensorimotor recovery. These technologies provide
learners with the opportunity to practice procedures in safe,
controlled environments, where tactile feedback enhances the
realism and effectiveness of skill acquisition. Recent research
highlights the significant potential of VR-haptics to comple-
ment traditional training methods, offering individualized
feedback and boosting learner engagement. However, ongoing
validation and research are needed to fully establish these
tools as primary training modalities in dental and medical
education.

The global relevance of this topic is underscored by the
Digital, VR, and Haptic Thinkers Consortium, established in
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2023, which unites educators, researchers, and industry lead-
ers to advance these technologies. Insights from its 2025
conference at Queen Mary University of London (QMUL)
highlight the potential of this approach to reshape dental
education (see =Appendix 1, available in the online version
only). This commentary explores how VR-haptic technologies
can address educational challenges, offering a perspective
informed by global research and practical implementations.
By integrating these tools, dental education can prepare pro-
fessionals to meet the demands of modern health care while
promoting equitable access to training. As technology advan-
ces, VR and haptics are poised to play an increasingly central
role in both learning and assessment in dental education.

VR-Haptic Technologies in Dental Education
Current Advancements

Immersive Skill Development

VR-haptic simulators, such as the Simodont Dental Trainer
and SIMtoCARE, deliver realistic tactile feedback, enabling
students to refine their psychomotor skills in controlled
settings.!" Since their installation at the University of Eastern
Finland in 2021, these simulators have improved the manual
dexterity and procedural precision of dental students. Simi-
larly, Universidad Europea de Valencia’s integration of VR-
haptics into pediatric dentistry since 2019 has enhanced
pulpotomy performance through tailored simulations. These
tools shorten learning curves, with studies showing im-
proved technical proficiency and patient care outcomes.
VR-haptics also supports skill maintenance for experienced
practitioners, ensuring lifelong learning.'?

Standardized Assessment and Feedback
VR-haptic systems provide objective, real-time performance
evaluations, reducing subjectivity in traditional assessments.



Asurvey at the Medical University of Warsaw found that 60% of
students valued instant feedback, with 80% reporting im-
proved learning outcomes.'? Blended approaches—combining
automated system evaluations with educator feedback—are
preferred by 70% of students, fostering a balanced learning
experience. Such systems enable consistent, scalable assess-
ments for standardizing training across diverse global
institutions.

Reducing Anxiety and Enhancing Well-Being

VR-haptic technologies significantly alleviate student anxiety
by providing safe, controlled environments for skill develop-
ment, allowing mistakes without real-world consequences.'’
Simulations enable gradual exposure to complex procedures,
such as cavity preparation or root canal therapy, fostering
confidence through repetitive practice.1 4For example, previous
studies found that students performed 30% faster after training
in simulated clinical scenarios'"'> and showed improvement
in anesthesia accuracy by up to 84%,'® with 75% students
reporting support for inclusion of VR/haptics/artificial intelli-
gence (Al) in curricula."" This is particularly relevant for
Generation Z students, whose fine motor skills may be under-
developed due to reliance on digital devices.'® VR-haptics
bridge the gap between digital familiarity and clinical compe-
tence, enhancing psychomotor skills in a low-pressure setting,
where students can practice without fear of irreversible errors,
boosting confidence and well-being.'%1?

Moreover, VR-haptic environments promote psychological
well-being by incorporating gamification elements, such as
progress tracking and achievement milestones, which make
learning an engaging and rewarding experience.'® Studies have
reported an increase in motivation and a reduction in burnout
among students using gamified VR-haptic modules compared
to traditional training cohorts.'>%? These systems also support
personalized learning paces, accommodating diverse learner
needs and reducing performance-related stress.'"*! By foster-
ing a supportive, mistake-tolerant environment, VR-haptics
empower students to build resilience and confidence, critical
for their long-term professional well-being.'>!”

Global Collaboration and Accessibility

Initiatives like the 2025 QMUL conference, supported by
industry leaders like Dentsply Sirona and the American Dental
Education Association, foster global collaboration. Al-powered
VR tools and mobile health (mHealth) technologies may
empower clinicians to deliver care to underserved popula-
tions, addressing disparities in oral health care access.?>?3
These efforts promote equitable access, aligning with global
health priorities.

Limitations and Challenges in Adoption

Despite their promise, VR-haptic and Al technologies face
significant limitations in dental education. High initial costs
deter adoption, particularly in resource-limited settings,
where financial constraints restrict access to advanced simu-
lators.* Resistance to change among educators, often stem-
ming from unfamiliarity with digital tools or concerns about
diminishing the role of traditional methods, complicates
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implementation.” Logistical challenges, such as integrating
these tools into existing curricula and ensuring compatibility
with diverse education systems, require meticulous planning
and faculty training.12 Additionally, the lack of universal
standards for VR-haptic training protocols can lead to incon-
sistent quality and outcomes across institutions.?* Rigorous
validation studies are necessary to confirm the efficacy of new
methods compared to traditional ones, ensuring evidence-
based adoption.'>?> For instance, studies evaluating VR,
haptics, and Al technologies underscore the importance of
validating these digital tools to ensure their reliability and
effectiveness in dental educational settings.'2® Ethical con-
siderations, particularly regarding equitable access for under-
served regions, must also be addressed to prevent widening
disparities.' %2’

Perspective: A Balanced Approach to Transformation

The authors advocate a balanced approach, integrating VR-
haptic technologies with traditional methods to optimize skill
acquisition.?® This perspective is grounded in global research
and practical insights from institutions like the University of
Eastern Finland and Universidad Europea de Valencia. VR-hap-
tics excel in providing risk-free, immersive training; however,
hands-on practice with typodonts and phantom heads remains
essential for achieving tactile realism. Blended learning environ-
ments, combining digital and physical training, maximize tech-
nical proficiency and confidence.*

This perspective emphasizes strategic curriculum inte-
gration, prioritizing early practical experience to develop
psychomotor and attitudinal competencies. The Specific,
Measurable, Achievable, Relevant, and Time-Bound (SMART)
model offers a framework for implementation, ensuring
clear objectives and measurable outcomes. Al integration
enhances VR-haptics by providing personalized feedback
and predictive analytics, further shortening learning
curves.'? Global standardization of VR-haptic training and
credentialing is critical to ensure equitable access and con-
sistent quality across institutions.

Collaboration is central to this vision. The Digital, VR, and
Haptic Thinkers Network exemplifies interdisciplinary efforts,
uniting academia, industry, and professional bodies. By foster-
ing innovation and sharing best practices, such networks can
overcome financial, logistical, and cultural barriers. Ethical
frameworks are crucial for prioritizing patient-centered out-
comes and ensuring equitable access, particularly among
underserved regions and populations.?’

Summary and Recommendations

VR-haptic technologies hold transformative potential for dental
education, addressing critical challenges in skill development,
assessment, and student well-being.* Their ability to create
immersive, risk-free training environments enhances technical
proficiency and promotes equitable education access.'" As
dental care demands rise globally, these tools are vital for
preparing competent and confident professionals. However,
financial constraints, resistance to change, and the need for
validation studies hinder adoption.!”
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To realize this potential, the authors recommend:

Strategic curriculum integration: adopt the SMART model
to integrate VR-haptics transversally, prioritizing early
practical experience and blended learning approaches.
Increased investment: fund validation studies, educator
training, and infrastructure, particularly in resource-lim-
ited settings, to ensure evidence-based adoption.

Global standardization: develop universal VR-haptic
training and credentialing standards to ensure equitable
access and consistent quality.

Interdisciplinary collaboration: strengthen networks like
the Digital, VR, and Haptic Thinkers Network to foster
innovation and share best practices.

Ethical frameworks: establish guidelines to prioritize
patient-centered outcomes and equitable access, aligning
with global health priorities.

By implementing these recommendations, dental educa-

tion can evolve to meet modern health care demands,
ensuring graduates are equipped to deliver high-quality
care.?® Combined with traditional methods, VR-haptic tech-
nologies offer a path to reimagine how dentistry is taught,
fostering a future where education is immersive, inclusive,
and impactful.#
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