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SUMMARY: Dental morphology (DM) is the first introduction of dental graduates towards the identification of tooth; hence it
is an important component of the dental curriculum. Traditionally, it is taught by manual carving of wax blocks, but tloaroftthis
method have been highlighted. There is a need to adopt innovative teaching methodologies to invigorate the conceptsatdaigntal a
(DA) and reduce the stress in teaching and learning with a proposal in standardization of training methodologies worlbadide AMet
three-phased project was designed with an aim to collect global data related to teaching dental morphology within tmecléumtal cu
One dental professional actively involved in university teaching of DM subject was invited from 11 countries. The presenobktedy
compilation of data from phase 1 questionnaire responses, followed by its discussion and analysis, and generation of f@edirhinar
Results: Itis universally acknowledged that acquiring dental morphology knowledge by dentists is a prerequisite befomméreeco
clinical practice. Our data points that no uniformity in DA course modules exists throughout the world and globally thequisgct
curriculum redesigning. Conclusions: Consensus should be achieved amongst academicians in DM teaching and learning context.
Innovative and standardized DM modules with component of computer-based and remote learning techniques should alsode introduce

KEY WORDS: Dental Morphology; Dental Anatomy; Dental Curriculum; Dental Education; Tooth Carving.

INTRODUCTION

The dentistry entails prevention and treatment of orehowledge along with practical training involving hand
diseases, including diseases of the teeth, its supportidgxterity and motor skills, taught at different levels of under-
structures, and the soft tissues of the mouth (Ringl, graduate and post-graduate curriculum (Rucker, 2007). Of
2018). A dental specialty is different from the other discithese, the subject of Dental anatomy (DA)/ Dental histology
plines of health care, as it incorporates sound theoreti¢@lH) taught at the undergraduate pre-clinical level, is the
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first introduction of dental undergraduates to teeth and theif various authors (Sivapathasundharam, 2008; Baskar,
anatomical characteristics. Teaching Dental morpholo@009; Rao, 2010):
(DM) involves sound foundation of morphology principles
and functions along with manual reproduction of tooth Part of primitive outdated dental curriculum.
structure, both functionally and artistically (Chowdhry & Wasting of productive time.
Sircar, 2020). The teaching of morphological sciences inNot relevant to current times.
general tends to present difficulties in understanding bothUnclear rationale of root carving (Sivapathasundharam,
images and shapes, which mandates an approach througt008).
skills of a special nature to build knowledge (Fonseca &
Fonseca, 2010). Mostly the training hours of preclinical den- Further, Obrezt al (2011) have concluded that
tal anatomy are spent to appreciate the surface outlinestloére is no standardized, acceptable methodology of
the oral structures, the gross and microscopic anatomytefiching and evaluating DM via wax carving for student
each tooth, and the contact relationship between teeth in treining. The need to revitalize the discipline of dental
primary and permanent dentition and jaws (Nagglal, anatomy and the necessity to adopt innovative teaching
2014). During the training, students are taught cognitive angethodologies has been highlighted (Ranganathan, 2010;
psychomotor skills related to the morphology and ar€howdhry & Sircar, 2020). Magne (2015) proposed an
introduced to the spatial and functional relationships of trepproach with emphasis on visual arts and the 2D-3D-4D
human dentition (Obreet al, 2011). Traditionally, DM is concept. In 2020, Mladenovic presented augmented reality
taught in didactic teaching, with reinforcement of knowledgeechniques for teaching dental morphology and for
by curriculum textbooks and manuals. However, theimulated environments in different clinical dental
psychomotor skills for recognition and reproduction of dentg@rocedures (Mladenovic, 2020). Also, the current COVID-
structures and morphology have progressed from tH® pandemic situation has provoked the need to adapt
traditional methods of carving wax blocks to more advancededical and dental training to a non-contact mode. Hence,
methodologies. The comparison of both the methods itsis more likely that hybrid and innovative methodology
presented in Table I. teaching will be the “new normal” and there is an absolute
need to develop methods to teach tooth carving on a digital
The modified pen grasp is the most preferreglatform in an asynchronous mode (Chowdhry & Sircar,
precision grip used by dentists for the micromanipulatior020; Chowdhryet al, 2020). The strengths of the new
with hand instruments in dentistry (Makinson & Humesystem may include familiarizing current young generation
1982). DH wax carving teachers are probably the firgtf students with E-learning modes. Remote learning may
instructors in dental curriculum to introduce students to thiss well empower the students to control the speed of
advantageous grip. Students can adapt at an early stagkafning, allow multiple revisions and hence, be more
training and have a better control and strength when usiaffective. The limitations, on the other hand may be that
hand instruments in clinics. Moreover, teaching and learnirtige need for student self-discipline with time deadlines for
DM are known to enhance proficiency in restorativeach assignment. Hence, a 3-phased project was designed
dentistry, dental surgery, prosthodontics, and endodontiadth an aim to collect global data related to teaching DM
rehabilitation and hence improve patient care, along withithin the dental curriculum. The compiled data was used
assisting in the identification of abnormalities or pathologie® evaluate future prospects and directions of teaching DA
(Loneet al, 2018). and DM training to undergraduates and to cope with more
effective and contemporary clinical and digitally applicable
The traditional methods (highlighted in Table 1), havéechniques and methodologies. Afinal draft proposal is also
various limitations. These limitations have generated opini@utlined in sync with the distance learning requirements.

Table I. Comparison of traditional and advanced methodologies for learning dental morphology.

Traditional: Advanced:
. . 1. Examining 3D prints
1. Stud > g t f d tooth .
ymg gross anatormy of preserved tooth specimen 2. Leaming from virtual 3D models.
5 Learning from Plaster replicas (proportional large 3. Haptic devises to touch-back and learn dental anatomy.
. modelsf P prop g 4. Virtual carvings and dissections of oral structures.
5.  2D-3D-4D concept: drawing/wax-ups exercises and

3. Studying cross-sections preserved tooth specimens layering

o

Augmented reality (AR)
4. 2D line drawings

5. Carving teeth from wax blocks
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MATERIAL AND METHOD both crown and root. The importance of wax carving as an
essential part of DM teaching is recognized in 9 out of 11
countries. “Wheeler's Dental Anatomy, Physiology and

The global data compilation related to teaching der®cclusion” was the most recommended text book to

tal morphology took place in 3 phases: Phase 1, was thedergraduates for Dental Morphology (4 out of 11

consent and questionnaire phase. One dental professiot@lintries). Besides text books, illustration guides and

involved in university teaching was selected from 1#rawings were also emphasized in 2 countries. However, in
countries: Australia, Chile, Croatia, India, Indonesia, Italypostgraduate training, wax carving was not a recommended

Malaysia, Nepal, Pakistan, Romania, and Turkey. Eagiractice and was mentioned in only 4 out of 11 countries. In

participating dentist gave consent and filled an onlineerms of teaching aids, plaster replicas of teeth were most

guestionnaire (Table 1) with subjective and objectivérequently used in 10 out of 11 countries, extracted teeth in
components. The questionnaire was in semi-structured forn&abut of 11 countries, virtual 3D models in 4 countries and
on global dental morphology modules consisting of majorI$D prints used in 2 countries. As per additional aids, videos
closed ended questions (8 out of 11). Phase 2 was #we used in 7 out of 11 countries, audio and computerized
compilation and interpretation phase. Based on the respon8&s models in 4 countries each, while use of mobile
to the phase 1 questionnaire, data related to dental morpholagpplications was seen in 2 countries (Malaysia and Romania).
module in each country was compiled, discussed, and

analyzed, and a report was generated. Phase 3, was the

approval and final draft phase. The compiled phase 2 rep@tSCUSSION

was sent back to each author for correction and approval.

The response rate of our questionnaire was 100 %.
RESULTS Results of the questionnaire bring forth the practices and
ideologies behind DM teaching at the international level. It
is known that microscopic and macroscopic knowledge of
Results of questionnaire were compiled and presentezkth is of paramount importance in dentistry, especially in
in Table Il. Different specialties are involved in teachingestorative dentistry context (Sivapathasundharam &
DM across various countries. The different branchd®rotyusha, 2021). It has been found that thorough knowledge
documented were oral pathology (3 out of 11), dentalf DA is required for identification and diagnosis of normal
materials (3 out of 11), oral biology (2 out of 11),and pathological anatomy of teeth (Siésstet, 2004; Patil
prosthodontics (2 out of 11), restorative dentistry (2 out @ft al, 2015). All these facts highlight the importance of
11), dental anatomy and general anatomy in one countgarning DA at the entry level dentistry study, prior to
each, and taught in adult clinic or general dentists in singéeibsequent postings in clinical departments. This factor has
country each. There is an overlap of two or more specialtibeen highlighted in the results of the current questionnaire
undertaking this teaching in more than one country. where most countries recognize importance of teaching DA
in first undergraduate year. Additionally, it is also taught in
Eight out of 11 countries teach this subject in the firdburth year in two countries to highlight the importance of
undergraduate year (only one semester in Romania), whiletailing anatomy of teeth prior to performing fillings and
the other 3 teach this subject in the second year. Additionaligstorations in conservative dentistry or construction of
it is also taught in the fourth year in two countries. While atrowns in prosthodontics with perfect anatomical precision.
11 countries agreed to give demonstration of wax carving Ttnis allows the concern ededucators to impart cognitive and
students, the group size of students for demonstration varipdychomotor skills related to identification, replication, and
Six out of 11 countries mentioned a group of less than t@storation of tooth morphology in newly enrolled students
students, and 4 countries mentioned a group of less than &0art from delivering the didactic content. Although there is
but none of the countries accepted a projector-based metleoadrently discussion about the ethical and legal issues of the
demonstration to a larger group of greater than 20 studenise of extracted human teeth in dental education (Holden &
Five out of 11 countries mentioned carving of all permaneBtracopoulos, 2017; Qutieshettal, 2020), our report points
teeth, 3 countries reduced them to few permanent teeth but that natural teeth carved out of wax blocks is a most
only one country (Croatia) mentioned carving both sets pfacticed method worldwide for teaching and learning tooth
deciduous and permanent teeth. anatomy. The development of this skill requires practice and
the process of wax carving itself ensures that the concepts
Going into details of carving, only the crown sectiorof tooth morphology (especially size and shape) are deeply
is carved in 4 out of 11 countries while the remainder carvmbibed (Chowdhry & Sircar, 2020). Although majority of
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in the questionnaire section. The only difference is that thecordance with the studies which have questioned the
standard textbooks for referral are different in all thearving of root morphology alone (Rao, 2010; Mladenovic,
countries, with Wheeler’s DA book being the most popul&020). It has been pointed out that the very purpose of root
book. Additionally, 2-D drawing and illustration manualscarving is questionable (Sivapathasundharam, 2008;
have also been recommended. Regarding the cogniti8e&zapathasundharam & Protyusha, 2021). “A good lecture
development, the Chicago module encouraged small groclpss, explanatory charts, three-dimensional models, dry
discussions mediated by the instructor (Holden &pecimens, and an interactive multimedia presentation alone
Dracopoulos, 2017), which has not been recommended yatuld suffice to make the students understand root
in any of the countries in the current study. However, trenatomy” (Sivapathasundharam & Protyusha, 2021).
current questionnaire does bring forth practicaContrastingly, our data reports that entire tooth carving
demonstrations in small groups of below 10 or 20 studer(iacluding the root) is being practised the worldwide over,
in the results. Additionally, for psychomotor developmentyhich can be attributed to the fact that carving the entire
wax carving of teeth and missing tooth structure wasoth might help in understanding root outer dimensions
recommended in the Chicago module (Holden &hich might be useful in extractions of teeth or in
Dracopoulos, 2017), which has proven significandrthodontics while applying pressure for apposition or
improvement in the psychomotor development of studedeposition of bone. Nevertheless, there is still a creative
compared to the conventional module. This component wdsbate regarding practical usefulness of tooth carving
as in accordance with the findings of the current study. Tleercises, where some are in favor with some suggestions
only conflict noticed was promoting wax carving exercisesn evolution in practices and some consider it totally
in undergraduate teaching but not in post graduate teachotgsolete (Rao, 2010; Paét al, 2015; Loneet al., 2018;
across multiple countries. The Chicago module in 2007 disHadenovic, 2020; Qutieshat al, 2020). However, the
pended on slideshow software and CD ROMs but the currenttcome of the current project points towards certain
practice across various countries have graduated to videonilarities and dissimilarities across countries while
audio, and also mobile application aids. In additionmparting education of DM and DA. Despite the debate on
countries are also employing 3-D virtual models or 3-Eooth carving, it is universally acknowledged that acquiring
prints which can be an advantage in remote learning aspedental morphology knowledge by dentists is a prerequisite
keeping in mind the current pandemic times. These currdygfore they commence patient- practice. It certainly forms
innovations in DA modules are synchronized with the 2Cthe basis of multiple clinical procedures, including
3D-4D concept brought by Magne (2015). It emphasizesstorative, inlays, onlays, crown procedures, involving
the visual arts, starting with the drawing of the tooth structureax-patterns (Obrezt al, 2011; Nayalet al, 2014). Also,
(2D/3D), followed by partial wax-up exercises, only tat is required to evolve and constantly reform the teaching
progress to histo-anatomical detailing of enamel/dentin antethods and outcomes and propose newer innovative
optical depth in mock-ups or resin restorations. Thteaching modules.

advantages of these procedures include teaching detailed

tooth morphology and direct translation in patient care. Need for innovative course module: Traditional den-
There are other recent studies which focus on other teachiafjanatomy learning methods include examining gross
aids including lecture PowerPoints®, recordings, sel&knatomy of extracted teeth, studying cross-section
assessment questions, quiz on Kahoot™, YouTube™ wpecimens; drawing grid based 2-Dimensional (2-D)
deos, 3D sketchFab™ models, i-books, web-basealiagrams, and carving teeth from wax. All these teaching
programs, e-Biolabs™, etc. but PowerPoint® is still thenethodologies have very little clinical application as well
preferred mode of communication (Loee al, 2018). asless purpose in present day context (Ponniah, 2010; Obrez
Additionally, the preferred mode of teaching in this studgt al, 2011). Academics at University of Illinois at Chicago
on UK institutions referred to use of extracted and plasticollege of Dentistry have suggested revision of dental
teeth for teaching DA, but the latter was not recommendeadgiatomy module, with an objective of enhancement of the
for anatomical detailing (Makinson & Hume, 1982). Simisubject by adding clinically applicable psychomotor and
lar pattern has been shown in our current project whecegnitive skills (Obrezt al, 2011). It has been suggested
plastic and extracted teeth are preferred 3D mode of teachingncorporate computer-based learning in the tooth carving
DA among students. Although the importance of carvingiodules of undergraduate students for improved teaching
has been established in the process of psychomotor skifid learning (Juneja & Juneja, 2016). Software-based
development of students but carving complete tooth teaching along with interactive class meetings have resulted
crown or root alone are varied schools of thought followeid positive feedback from students (Bogaekial, 2004)
across the world. The results of the current study show coemd artificial intelligence-based solutions should be
plete tooth carving being the preferred practice, imtroduced in dental education (Schwendiekal, 2020).
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CONCLUSIONS la generacién de un informe preliminar. Resultados: Se reconoce
universalmente que la adquisicién de conocimientos de morfolo-

gia dental por parte de los odont6logos es un requisito previo antes
ge comenzar la préactica clinica. Nuestros datos indican que no existe

Our compiled report clearly points that there is no™. i .
uniformity in DA course modules globally. The entireumform'dad en los moc_iulos del curso de AD en todo el mundo,
rlo que el tema requiere un redisefio del plan de estudios. Con-

cur_nculum Of_ DM tegchmg needs_redesgnmg. Concem‘%ﬁjsiones: Debe lograrse consenso entre los académicos en el con-
national and international academies, societies and coungligo de ensefianza y aprendizaje de MD. También se deben intro-
should try and get innovative and computer-based techniqyggir médulos innovadores y estandarizados de MD con compo-
incorporated in teaching DA. Though differences in opinionentes de aprendizaje remoto y de base digital.

exist world-wide in teaching DM methods, but wax block

carving is here to stay. Merits and demerits of including root PALABRAS LLAVE: Morfologia Dental; Anatomia
carving in DM teaching modules needs to be discussed Qﬁntal; Plan de estudios dental; Educacion dental; Tallado de
global platforms. Consensus should be achieved, and de¥§Ntes:

fraternity should move together in correct direction with

common objective of making better clinicians and
researchers. REFERENCES
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