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1. Background: Interdisciplinary Teaching for Better Dental Care Materials Selection

Dental materials science is a core course in most undergraduate dental curricula. It
covers materials science and dentistry with traditional and novel concepts. However,
such a course is typically taught as a standalone course with no or little integration with
other dental disciplines. This has raised concerns, as complex patient oral care demands
a comprehensive interdisciplinary approach. As a result, interdisciplinary approaches
in teaching and learning dental materials science courses are particularly crucial in the
swiftly evolving world to produce dental graduates who can integrate their knowledge of
basic materials science and translate it into their clinical practice, especially when selecting
suitable materials for high-quality treatment outcomes. Therefore, this editorial aims to
provide an overview of the current state and interdisciplinary approach in delivering dental
materials science courses. It also highlights the challenges and opportunities for future
interdisciplinary-based dental education.

Dental schools around the world are implementing innovative approaches to incorpo-
rate interdisciplinary education into their dental materials science courses. For example,
some dental schools, such as Ajman University, are adopting a problem-based learning
approach. There, students are presented with complex case scenarios that require inte-
grating knowledge from multiple disciplines to develop a comprehensive treatment plan.
Other schools are incorporating hands-on workshops and laboratory experiences to help
students to better understand dental materials’ properties and behaviors. Additionally,
some schools are partnering with engineering or materials science departments to offer
joint courses that provide a more in-depth understanding of materials science concepts and
their application in dentistry. These examples illustrate the potential for interdisciplinary
approaches in dental education to produce graduates that are better equipped to provide
high-quality patient care.

2. Current State of Materials Science in Dentistry

Most dental schools divide their undergraduate dental curricula into preclinical and
clinical phases. Dental materials science is a core course that covers the properties of the
materials used for patient care [1]. It is often introduced either as a standalone course or a
series of individual modules that spread across other dental courses or into the preclinical
phase of most undergraduate dental curricula. Dental materials science courses address
the fundamental properties (i.e., mechanical, physical, chemical, and biological properties),
handling, requirements, chemical compositions, setting reactions, characteristics, and
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applications of various dental materials in both clinical and laboratory settings. Dental
materials science courses typically start with a topic of introduction to dental materials
and further focus on clinical-based and laboratory-based dental materials. Examples of
clinical-based dental materials are impression materials and dental restorative materials,
as well as dental abrasives and polishing materials. Meanwhile, laboratory-based dental
materials include dental waxes, dental ceramic materials, denture-based polymer materials,
metal and alloys, and dental gypsum products. Moreover, cutting-edge technology and
newly developed biomaterials fabricated with subtractive and additive technology were
incorporated into the syllabus [2–6].

On the other hand, some dental schools divided the course into various discipline-
based dental materials, such as those used in operative dentistry, prosthodontics, paediatric
dentistry, orthodontics, or periodontics. As dental students should be equipped with the
knowledge and skills to select, handle and apply dental materials in both clinical and
laboratory settings, a superficial comprehension of the properties and characteristics of
dental materials may be insufficient [2]. Unsurprisingly, some dental schools still need to
implement a discipline-based approach to teaching dentistry, in which the curriculum is
divided into various dental disciplines, including dental materials science. The discipline-
based or subject-based curriculum is also known as a traditional curriculum, which refers
to a wide range of dental specialties or disciplines that are bound together in the curriculum
contents [7,8]. Although discipline-based curricula frequently focus on teaching students
precise, up-to-date knowledge and skills in a specific course, students may still find it
challenging to grasp the course’s integration of multidisciplinary knowledge, due to the
fragmented discipline-based curricula [4]. The lack of relevance in translating the knowl-
edge of dental materials science to clinical or laboratory workplaces has also rendered
students to occasionally perceive dental materials science only as dull and a requirement to
fulfil [9–12].

Discipline-based curricula prevent dental students from understanding the broader
context of what they have learned in a specific discipline. For instance, in a dental materials
science discipline-based curriculum, all topics were taught in isolation without participating
in other dental disciplines, particularly conservative dentistry, and prosthodontics. Students
may not know how dental materials interact with other disciplines or how different dental
materials may impact the fabrication of dental prostheses. Furthermore, students may
need to be made aware of how to use different dental materials in different aspects of
dental treatment to provide a preventative or invasive oral health service. Hence, dental
educators must explore interdisciplinary approaches in the teaching and delivery of dental
materials science.

3. Interdisciplinary Approaches in Dentistry and Materials Science

The complexity and breadth of the educational context using an interdisciplinary
approach in dental curricula reflect the growing need for dental graduates with the knowl-
edge and skills to treat patients in multidisciplinary settings [13–17]. However, without
initially understanding interdisciplinary dental practice, it would be challenging to debate
interdisciplinary dental education. Interdisciplinary is a means of addressing a complex
issue that cannot be solved through one specific field or profession. Integrating ideas and
guiding principles from several disciplines to create an analytical framework that is broad
and ideally cohesive to provide a deeper understanding of the topic is characteristic of
interdisciplinary education [18]. In interdisciplinary dental education, the fundamental
and clinical science curricula are integrated to provide clinically relevant basic science
education and scientifically grounded clinical care training [13]. To ensure competence in
clinical decision-making, future dental care providers must have the ability to integrate
scientific knowledge from multiple dental disciplines. For example, students utilise their
knowledge of the basic properties of dental biomaterials in selecting appropriate materials
for treating dental caries in conservative dentistry.
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The initial stage is to combine the “siloed” standalone dental materials science courses
into other dental disciplines through vertical and horizontal integration. In a multi-layered
curriculum, integration may be supported in several ways, including horizontal and ver-
tical integration. When knowledge, skills, and attitudes from different disciplines are
combined and learned at roughly the same time, it is referred to as “horizontal integra-
tion.” Meanwhile, the term “vertical integration” describes the blending of knowledge,
skills, and personal qualities learned during the preclinical phase and advancement to
the clinical phase [19]. Faculty members from other disciplines must also collaborate to
review and map out the existing course content, learning objectives, pedagogical strate-
gies, assessments, learning opportunities, and course scheduling, which is also known as
“curriculum mapping” [20]. Students’ opinions on the existing curriculum should be taken
into consideration. At this point, curriculum mapping aims to determine which dental
materials science topics may be broken down into smaller parts and parked under other
dental specialties, with less focus on compartmentalised teaching and assessment methods.

In horizontal integration, dental materials science courses can be divided based on
their application in different dental specialities. For example, dental composite resin and
dental cement topics can be placed under conservative dentistry disciplines. In contrast,
topics such as dental ceramic materials and metal and alloys for prostheses can be inte-
grated into the prosthodontic discipline. Moreover, advanced material and biomedical
engineering knowledge can be incorporated into the topic contents. Additionally, topics
such as dental stem cells, tissue engineering, regenerative dentistry, and nanotechnologies
could be integrated into the undergraduate dental curriculum and linked to the basic
medical sciences discipline, such as biochemistry and biomedical science. This approach
would enable students to connect the fundamental principles of material sciences and
bioengineering with the concepts in dentistry.

On the other hand, vertical integration can happen by categorising dental materials
science courses across the undergraduate curriculum from the preclinical to clinical phase.
Dental materials in prosthodontics can be taken as an example. In the preclinical phase,
students are exposed to the properties, and compositions of acrylic resin and cobalt chrome
used in removable prostheses. When students have fulfilled the requirements to start the
clinical phase, they are taught to justify the selection of these materials in managing specific
cases based on the advantages, disadvantages, indications, and contraindications of those
materials. Furthermore, topics such as emerging biomaterials and advanced technologies
could be introduced during the clinical years of the undergraduate dental curriculum,
which would aid in building their basic knowledge in dental materials science. Thus, it
is reasonable to state that the horizontal and vertical integration of materials science and
various fields of dentistry will enable students to develop critical thinking skills and achieve
the desired competency in delivering patient care.

The disciplines taught by faculty members in prior years may not always be known in
traditional discipline-based curricula. This makes it challenging for teachers to accurately
identify what students have learned and guide them in making conceptual connections
between materials science and dentistry. Therefore, in response to the contemporary
advancement in dental education, dental schools must implement an interdisciplinary
approach in teaching dental materials science courses, as future dental graduates must
be able to evaluate and critically apply various materials in real-world clinical scenarios.
Such an interdisciplinary approach supports a constructivist paradigm, which enables the
creation of new knowledge and a deeper comprehension of introductory concepts among
students [21]. In other words, when students are exposed to novel biomaterials, they can
relate and apply its usage to what they have learned in other dental disciplines, such as
conservative dentistry, prosthodontics, periodontics, or paediatric dentistry.

4. Challenges and Opportunities for Future Research

Collaboration between educators is one of the main obstacles to achieving genuine
interdisciplinary learning in dental educational settings. It may be challenging, but not
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impossible. The effectiveness of interdisciplinary teaching and learning is increased when
experts from different disciplines collaborate towards a shared learning goal and assist
students in making connections between different fields of dentistry. Dental schools should
consider including adjunct faculties from different disciplines to deliver dental materials
science content. Teaching staff with basic sciences backgrounds such as material science,
chemistry, chemical engineering, or bioengineering will ensure their involvement in the
teaching and learning of the fundamental principles, properties, compositions, and chemical
reactions of dental materials, as well as advanced technologies such as nanotechnology and
regenerative materials in dentistry.

Conversely, teaching staff with a basic dental degree can help to guide students to trans-
late materials science knowledge into clinical dentistry. There are several ways to support
collaborative teaching, including the following: one teach, one support; parallel teaching;
alternative teaching; station teaching; and team teaching [22]. Such collaborative teaching
improves the quality of education, as different teachers with various educational back-
grounds (materials science, chemistry, chemical engineering, bioengineering, dental science,
among others) approach the same topic from different perspectives. Nonetheless, it should
also be highlighted that no single staff member with a specific educational background is
recommended to cover all aspects of teaching and learning in dental materials science.

In addition, various innovative pedagogical strategies should be implemented to
promote active engagement and allow students to connect the content of materials science
with dentistry [23]. Undeniably, the implementation of an integrated dental materials
science curriculum is incredibly challenging, especially when there are many different
teaching strategies. Seminars that involve multidisciplinary problem-based or case-based
learning can be introduced during both preclinical and clinical phases to stimulate students’
information assimilation and clinical reasoning in selecting materials used for clinical
dental cases [24]. It is possible to think of preclinical case-based learning as a part-whole
scaffolding method to help students prepare for clinical teaching and learning [25]. Stu-
dents may have the chance to understand the “real-world” significance of incorporating
the knowledge of materials science in dentistry and combine information related to funda-
mental materials science and clinical dental disciplines, which would not often happen if
the teaching and learning remained separated in discipline-based curricula [19].

Moreover, dental schools may need to consider case-based assessments in lectures,
seminars and laboratories, and clinical aspects of an interdisciplinary approach to teaching
dental materials science. Teachers from various disciplines should also collaborate to
design a single, multi-course assessment that integrates multi-disciplines [24]. Another
possible future practice in the teaching and learning of dental materials science courses is
a collaborative approach or shared learning. Undergraduate dental students could learn
alongside students studying material science, biomedicine, and engineering, which may
facilitate the sharing of knowledge and perspectives regarding the sciences behind these
materials. This will also enhance their teamwork and communication skills by working with
students from other faculties. Nevertheless, future research should identify the readiness
of faculty members to implement an interdisciplinary approach for integrating materials
science into dentistry and explore the perspectives of vertical and horizontal integration
among dental students in an interdisciplinary-based curriculum.

5. Conclusions to Integrate Materials Science

A well-designed dental curriculum that emphasises the integration of materials sci-
ence knowledge into various dental disciplines is needed for future dental graduates to
be competent in delivering high-quality oral healthcare services. One method to achieve
this is through the horizontal and vertical integration of dental materials science courses.
Moreover, innovative, integrated, and collaborative teaching strategies and assessments
are essential for students to understand the fundamental concepts of materials science
and engineering while applying that knowledge to preclinical and clinical dental prac-
tice. Nonetheless, support and encouragement from the university, faculty, and students



Bioengineering 2023, 10, 344 5 of 6

are essential to the success of implementing interdisciplinary approaches for integrating
materials science and dentistry in contemporary dental education.

Author Contributions: Conceptualization, G.S.S.L. and K.I.A.; methodology, G.S.S.L. and K.I.A.;
validation, C.A.J. and K.I.A.; resources, G.S.S.L. and C.A.J.; writing—original draft preparation,
G.S.S.L.; writing—review and editing, C.A.J. and K.I.A.; project administration, K.I.A. All authors
have read and agreed to the published version of the manuscript.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gali, S.; Shetty, V.; Murthy, N.S.; Marimuthu, P. Bridging the gap in 1(st) year dental material curriculum: A 3 year randomized

cross over trial. J. Indian Prosthodont. Soc. 2015, 15, 244–249. [CrossRef] [PubMed]
2. Lin, G.S.S.; Tan, W.W.; Afrashtehfar, K.I. Exploring the Learning Experience of High-Performing Preclinical Undergraduate

Dental Students: A Qualitative Study. Educ. Sci. 2022, 12, 801. [CrossRef]
3. Jurado, C.A.; Amarillas-Gastelum, C.; Tonin, B.S.H.; Nielson, G.; Afrashtehfar, K.I.; Fischer, N.G. Traditional versus conservative

endodontic access impact on fracture resistance of chairside CAD-CAM lithium disilicate anterior crowns: An in vitro study. J.
Prosthodont. 2022; Online ahead of print. [CrossRef]

4. Jurado, C.A.; Amarillas-Gastelum, C.; Afrashtehfar, K.I.; Argueta-Figueroa, L.; Fischer, N.G.; Alshabib, A. Ceramic and Composite
Polishing Systems for Milled Lithium Disilicate Restorative Materials: A 2D and 3D Comparative In Vitro Study. Materials 2022,
15, 5402. [CrossRef]

5. Alfallaj, H.A.; Afrashtehfar, K.I.; Asiri, A.K.; Almasoud, F.S.; Alnaqa, G.H.; Al-Angari, N.S. The Status of Digital Dental Technology
Implementation in the Saudi Dental Schools’ Curriculum: A National Cross-Sectional Survey for Healthcare Digitization. Int. J.
Environ. Res. Public Health 2022, 20, 321. [CrossRef] [PubMed]

6. Jurado, C.A.; Afrashtehfar, K.I.; Hyer, J.; Alhotan, A. Effect of sintering on the translucency of CAD-CAM lithium disilicate
restorations: A comparative in vitro study. J. Prosthodont. 2023; Online ahead of print. [CrossRef]

7. Akram, A.; Bashir, U.; Yasmin, S.; Sattar, K.; Meo, S.A. Integrated undergraduate dental curriculum. J. Pak. Med Assoc. 2019, 69,
1331–1336.

8. Soni, V.; Kotsane, D.F.; Moeno, S.; Molepo, J. Perceptions of students on a stand-alone dental materials course in a revised dental
curriculum. Eur. J. Dent. Educ. 2021, 25, 117–123. [CrossRef]

9. Yang, Y.; You, J.; Wu, J.; Hu, C.; Shao, L. The Effect of Microteaching Combined with the BOPPPS Model on Dental Materials
Education for Predoctoral Dental Students. J. Dent. Educ. 2019, 83, 567–574. [CrossRef]

10. Afrashtehfar, K.I.; Assery, M.K. From dental science to clinical practice: Knowledge translation and evidence-based dentistry
principles. Saudi Dent. J. 2017, 29, 83–92. [CrossRef]

11. Afrashtehfar, K.I.; Eimar, H.; Yassine, R.; Abi-Nader, S.; Tamimi, F. Evidence-based dentistry for planning restorative treatments:
Barriers and potential solutions. Eur. J. Dent. Educ. 2017, 21, e7–e18. [CrossRef] [PubMed]

12. Afrashtehfar, K.I. Use of evidence-based practice among new dental graduates needs improving. Br. Dent. J. 2022, 232, 458.
[CrossRef] [PubMed]

13. Nadershahi, N.A.; Bender, D.J.; Beck, L.; Alexander, S. A Case Study on Development of an Integrated, Multidisciplinary Dental
Curriculum. J. Dent. Educ. 2013, 77, 679–687. [CrossRef]

14. Afrashtehfar, K.I.; Maatouk, R.M.; McCullagh, A.P.G. Flipped classroom questions. Br. Dent. J. 2022, 232, 285. [CrossRef]
15. Afrashtehfar, K.I.; Yang, J.W.; Al-Sammarraie, A.; Chen, H.; Saeed, M.H. Pre-clinical undergraduate students’ perspectives on the

adoption of virtual and augmented reality to their dental learning experience: A one-group pre- and post-test design protocol.
F1000 Res. 2021, 10, 473. [CrossRef]

16. Afrashtehfar, K.I.; Bryant, S.R. Understanding the Lived Experience of North American Dental Patients with a Single-Tooth
Implant in the Upper Front Region of the Mouth: Protocol for a Qualitative Study. JMIR Res. Protoc. 2021, 10, e25767. [CrossRef]

17. Afrashtehfar, K.I.; Tamimi, F. An online tool that provides access to evidence-based literature on dental restorations:
www.crownorfill.com. J. Prosthet. Dent. 2017, 118, 696–697. [CrossRef]

18. Bindler, R.C.; Richardson, B.; Daratha, K.; Wordell, D.; Project, T. Interdisciplinary health science research collaboration: Strengths,
challenges, and case example. Appl. Nurs. Res. 2012, 25, 95–100. [CrossRef]

19. Postma, T.C.; White, J.G. Students’ perceptions of vertical and horizontal integration in a discipline-based dental school. Eur. J.
Dent. Educ. 2017, 21, 101–107. [CrossRef]

http://doi.org/10.4103/0972-4052.161565
http://www.ncbi.nlm.nih.gov/pubmed/26929520
http://doi.org/10.3390/educsci12110801
http://doi.org/10.1111/jopr.13625
http://doi.org/10.3390/ma15155402
http://doi.org/10.3390/ijerph20010321
http://www.ncbi.nlm.nih.gov/pubmed/36612639
http://doi.org/10.1111/jopr.13644
http://doi.org/10.1111/eje.12582
http://doi.org/10.21815/JDE.019.068
http://doi.org/10.1016/j.sdentj.2017.02.002
http://doi.org/10.1111/eje.12208
http://www.ncbi.nlm.nih.gov/pubmed/27146788
http://doi.org/10.1038/s41415-022-4169-y
http://www.ncbi.nlm.nih.gov/pubmed/35396425
http://doi.org/10.1002/j.0022-0337.2013.77.6.tb05519.x
http://doi.org/10.1038/s41415-022-4042-z
http://doi.org/10.12688/f1000research.53059.1
http://doi.org/10.2196/25767
http://doi.org/10.1016/j.prosdent.2017.02.001
http://doi.org/10.1016/j.apnr.2010.06.004
http://doi.org/10.1111/eje.12186


Bioengineering 2023, 10, 344 6 of 6

20. Harden, R.M. AMEE Guide No. 21: Curriculum mapping: A tool for transparent and authentic teaching and learning. Med. Teach.
2001, 23, 123–137. [CrossRef]

21. Bada, S.O.; Olusegun, S. Constructivism learning theory: A paradigm for teaching and learning. J. Res. Method Educ. 2015, 5,
66–70.

22. Govindarajan, S.; Rajaragupathy, S.; Subramanian, K.; Karthikeyan, J. Effectiveness of team teaching in biochemistry lectures for
undergraduate students. Biochem. Mol. Biol. Educ. 2021, 49, 583–587. [CrossRef]

23. Lin, G.S.S.; Tan, W.W.; Tan, H.J.; Khoo, C.W.; Afrashtehfar, K.I. Innovative Pedagogical Strategies in Health Professions Education:
Active Learning in Dental Materials Science. Int. J. Environ. Res. Public Health 2023, 20, 2041. [CrossRef] [PubMed]

24. Hussein, K.S. Perceptions of an integrated curriculum among dental students in a public university in Saudi Arabia. Electron
Physician 2017, 9, 4828–4834. [CrossRef] [PubMed]

25. Postma, T.C.; White, J.G. Developing clinical reasoning in the classroom—Analysis of the 4C/ID-model. Eur. J. Dent. Educ. 2015,
19, 74–80. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1080/01421590120036547
http://doi.org/10.1002/bmb.21513
http://doi.org/10.3390/ijerph20032041
http://www.ncbi.nlm.nih.gov/pubmed/36767406
http://doi.org/10.19082/4828
http://www.ncbi.nlm.nih.gov/pubmed/28894542
http://doi.org/10.1111/eje.12105
http://www.ncbi.nlm.nih.gov/pubmed/24810116

	1
	Interdisciplinary Approaches in Dentistry and Materials Science 
	Challenges and Opportunities for Future Research 
	References

