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absTraCT

Aim
Virtual teeth with and without tooth pathology have been developed for use in a virtual learning 
environment in dental education. The objective of this study was to evaluate the appearance 
of these virtual teeth for use in dental education and to compare them with contemporary 
educational models, such as plastic teeth and extracted human teeth.

Material and methods
Six sets of photographs representing six different teeth were shown to dentists, teachers 
(dentists) and dental students (bachelor’s and master’s degree students). Each set consisted 
of 15 pictures showing five views of the extracted human tooth, the similar virtual tooth and 
the plastic tooth. The five views represented the mesial, distal, occlusal, buccal and lingual 
surfaces. The virtual tooth was the same as the extracted tooth (scanned with a cone beam 
CT, coloured and edited in ColorMapEditor®), and the plastic tooth presented the best possible 
match to the extracted tooth. The participants were asked to rate the appearance of the virtual 
teeth (overall and in terms of caries, restoration and colours), whether the virtual or plastic 
teeth resembled the extracted teeth better and from which teeth they expected to learn the 
most (extracted, virtual or plastic).

Results
Each group of participants found that the virtual teeth resembled the extracted teeth more 
than they resembled the plastic teeth; 71% of the participants expected to learn more from 
the virtual teeth than from the plastic teeth.

Conclusion
The results show that the appearance of the virtual teeth was considered more realistic than 
the appearance of the plastic teeth. The expectation was that the learning opportunities of the 
virtual teeth are better than of the plastic teeth.
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inTroduCTion

With on-going developments in technology and the increasing availability and use of computer 
products such as smartphones, tablets and e-books, contemporary students are well acquaint-
ed with the use of computer technology in everyday life. This development makes educational 
computer technology and simulation accessible for students. The use of simulation in medical 
and dental education is expected to be the next major step in the evolution of health science 
education.1 Simulation in medical education has led to improvements in medical knowledge, 
increased comfort in procedures and improvements in performance during retesting in simu-
lated scenarios. Simulation is defined as an instructional process that substitutes real patients, 
encounters with artificial models, live actors, or virtual reality patients.2 

At the Academic Centre for Dentistry Amsterdam (ACTA), a virtual learning environment, 
the Moog Simodont dental trainer (Simodont dental trainer®), has been integrated into the 
dental curriculum to train dental students. A variety of published studies on medical simula-
tion indicate that students who have trained with virtual reality simulators demonstrate better 
skills and performance compared with those who have not been trained on these simula-
tors.3,4,5 Virtual teeth with and without tooth pathology have been developed for the Simodont 
dental trainer®, in which virtual patients are treated. These virtual teeth are developed with a 
special software program ColorMapEditor® (CME). CME was developed by Moog Inc. (Nieuw-
Vennep, the Netherlands) in collaboration with ACTA, based on the Sensegraphics (Stockholm, 
Sweden) toolbox H3D.6 CME is a software application designed to edit and colour the image of 
a tooth which is scanned using a cone beam computer tomography (CBCT) scanner.6

Students need to acquire technical skills and develop competencies to treat patients in the 
clinic. In the traditional preclinical laboratory, students practise on extracted human teeth to 
gain knowledge about pathology (e.g., to diagnose, remove caries and create a filling) and on 
plastic teeth to acquire manual dexterity skills (e.g. standard cavity- and crown preparations). 
This implies the separation of developing skills in manual dexterity and clinical decision mak-
ing. By using a virtual tooth model, which can contain more similarities to the clinical situation 
than plastic teeth, the opportunity can be offered to students to make decisions related to the 
clinical situation during skills training and therefore enables students to combine skills-based 
and competency-based learning. 

In addition to extracted human teeth, plastic teeth with pathology are available for training 
purposes. These teeth bear very little resemblance to reality due to a lack of disease distri-
bution, detail and physical properties needed to accurately simulate real teeth.7 For these 
reasons, plastic teeth do not offer the opportunity to carry out various clinical procedures 
realistically such as excavation of caries (Fig. 1). Additionally, plastic teeth are expensive for 
dental schools and students. Suitable extracted teeth, with the required pathology, are often 
difficult to obtain in sufficient numbers. An important advantage offered by virtual teeth is that 
a task can be repeated where the distribution and size of pathology within the tooth is exactly 
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the same as in the original attempt and for all class members. This offers significant advantages 
for learning to manage a case correctly when a repeated attempt is needed and in assessing 
cohorts of students on a standard case. Furthermore, the issues of needing ethical approval 
and patient approval to acquire the extracted teeth and then manage infection control of the 
human tissue are avoided.8 

Figure 1. Plastic tooth 36, with simulated caries.

The use of virtual reality (VR) has been applied via Second Life and the use of virtual patients 
in dental education.9 Models of virtual teeth can be used to train clinicians and dental students 
in dental morphology.10 To treat virtual patients or to acquire manual dexterity (for instance, 
in cutting a crown), a virtual jaw with virtual teeth is required. To ensure that virtual teeth can 
be used and accepted in the curriculum by students and faculty, their appearance should be 
sufficiently realistic. The level of realism of the virtual teeth was investigated by questioning 
four different groups of participants with varying levels of experience in dentistry. 

The objective of this study was to evaluate and compare by the use of a paper question-
naire the appearance and learning possibilities of the virtual teeth created with the CME and 
used in a virtual learning environment with that of plastic teeth and extracted human teeth. 
The extracted teeth are considered as the ‘gold standard’ throughout this whole study. (Fig. 2).
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Figure 2. Scheme illustrating the various comparisons that were made in this study.

maTerials and meThods

Participants
The participants were selected from four different groups of clinicians varying in experience:
•	 Dentists working in general practice.
•	 Dentists working in general practice who are also members of the dental school faculty.
•	 Master’s-level dental students (fourth through sixth year) with clinical experience.
•	 Bachelor’s-level dental students (first through third year) with limited clinical experience 

but extensive experience with plastic teeth (Frasaco GmbH).
The participants who qualified as dentists were asked to report when they had graduated 

from dental school to estimate their level of experience in general practice. Furthermore, 
the ages and genders of all of the participants were recorded (Table 3). All participants were 
informed prior to participation in the study that the results of the questionnaires would be 
used for research and all the participants gave their informed consent. The study design and 
developed questionnaire were reviewed and approved by the ethical committee of the faculty. 
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Questionnaire
To compare and evaluate the virtual teeth created for dental education, a questionnaire was 
presented to the four different groups of participants. The questionnaire consisted of multiple-
choice questions, comparative rating scale questions, open-ended questions and questions 
that asked the participants to mark their opinions on a visual analogue scale (VAS). 

Table 1 provides an overview of the questions and statements used in the questionnaire. 
To analyse the ‘position’ of virtual teeth and plastic teeth in dental education in relation to 
extracted human teeth, the participants were asked to rate the extent to which the virtual 
teeth resembled the extracted teeth and the extent to which the plastic teeth resembled the 
extracted teeth on a VAS. On the questions that used a 5-point Likert scale, the participants 
could select a value from 1 (‘completely disagree’) to 5 (‘completely agree’). The participants 
rated the colour, shape and overall appearance of the teeth, the caries and the restoration and 
the expected learning possibilities.

table 1. statements used in the questionnaire.

category A comparisons of appearance

Design Visual analogue scale (0% resemblance - 100% resemblance)

Number Question

1 To what extent do the virtual teeth resemble the extracted human teeth?

2 To what extent do the Frasaco GmbH teeth resemble the extracted human teeth?

category B expectations of learning possibilities

Design Multiple-choice question

Answer model - 3 points (more)
- 2 points (an equal amount)
- 1 point (less)

Number Question

1 Do you expect to learn more/an equal amount/less from virtual teeth than from human 
extracted teeth? 

2 Do you expect to learn more/an equal amount/less from plastic teeth than from human 
extracted teeth?

3 Do you expect to learn more/an equal amount/less from virtual teeth than from plastic teeth?
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category c overall appearance 

Design Comparative rating scale question

Subcategory Colour/shape/in general

Answer model 5-point Likert scale: 1 (completely disagree) – 5 (completely agree)

Number Statement

1 I consider the overall appearance of virtual teeth concerning the colour/shape/in general to look 
sufficient to replace extracted human teeth in dental education. 

2 I consider the overall appearance of virtual teeth concerning the colour/shape/in general to look 
sufficient to replace plastic teeth in dental education.

3 I consider the overall appearance of plastic teeth concerning the colour/shape/in general to look 
sufficient to replace extracted human teeth in dental education.

category D Appearance of the caries

Design Comparative rating scale question

Subcategory Colour/shape/in general

Answer model 5-point Likert scale: 1 (completely disagree) – 5 (completely agree)

Number Statement

1 I consider the colour/shape/general overall appearance of the caries in the virtual teeth sufficient 
to replace extracted human teeth in dental education. 

2 I consider the colour/shape/general overall appearance of the caries in the virtual teeth sufficient 
to replace plastic teeth in dental education.

3 I consider the colour/shape/general overall appearance of the caries in the plastic teeth sufficient 
to replace extracted human teeth in dental education.

category e Appearance of the restoration

Design Comparative rating scale question

Subcategory Colour/shape/in general

Answer model 5-point Likert scale: 1 (completely disagree) – 5 (completely agree)

Number Statement

1 I consider the colour/shape/general appearance of the restoration of the virtual teeth, sufficient 
to replace extracted human teeth in dental education.

category F suggestions to improve the appearance of the virtual teeth

Design Open-ended

Subcategory General
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Evaluation scheme with photographs
Six sets of photographs were presented to each participant. Each set consisted of five views 
of the selected extracted human tooth, five views of the similar virtual tooth and five views 
of the plastic tooth, which represented the closest representation to the extracted tooth that 
was available. The six human extracted teeth are a part of a school collection made up out of 
patients’ teeth who gave their permission to ACTA to use them for research and educational 
purposes. The views represented the buccal, lingual, mesial, distal and occlusal surfaces. Tooth 
47 is shown in Fig. 3. The other five sets of photographs consisted of the teeth mentioned in 
Table 2; tooth 11 was sound, tooth 37 contained a large distal cavity, tooth 47 contained an 
occlusal amalgam restoration with mesial cavity, tooth 16 was sound and tooth 43 contained 
a small buccal cavity. For each of six natural teeth selected and identified using the FDI World 
Dental Federation notation, a virtual tooth was created by initially scanning it with a CBCT 
(NewTom 5G; QR SLR, Verona, Italy). The collected data were then edited and coloured with 
the CME software to create the virtual representation of the original tooth. Six plastic Frasaco 
teeth that most closely resembled the extracted teeth were selected as well (Table 2). The 
participants completed the questionnaire alongside the sets of photographs.

table 2. Selected teeth for this study.11

selected virtual teeth and extracted teeth Frasaco registration number

11 Tooth 11 (type number: ANA-4 Z 11)

37 Tooth 36 (type number: ANA-4 ZK 36)

47 Tooth 46 (type number: ANA-4 ZK 46)

16 Tooth 16 (type number: ANA-4 Z 16)

47 Tooth 46 (type number: ANA-4 ZK 46)

43 Tooth 43 (type number: ANA-4 Z 43)
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Figure 3. Example set of photographs.

Statistical analysis
The data collected with the questionnaire were statistically analysed with SPSS 18.0 (SPSS, 
Chicago, IL, USA). The data were analysed for normal distribution through Q-Q plots. Based on 
the outcome of the Q-Q plots, the data were tested either parametrically (normal distribution) 
or non-parametrically (no normal distribution). Different tests were used according to the dif-
ferent types and nature of data. In the result section, the type of analysis is noted alongside 
each result.

resulTs

A total of 163 participants completed the questionnaire. We found 84 dentists, 16 teachers of 
our faculty, 27 Master’s students and 36 Bachelor’s students willing to participate in this study 
(Table 3). The dentists had an average of 22 years (range 5–37 years, median 25) of experience 
in general practice, and the teachers had an average of 24 years (range 9–35 years, median 25).
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table 3. General information about the participants.

Number of 
participants males Females

Gender 
unknown

Average age 
(years) + sD

Dentist 84 49 32 3 48 ± 10

Dentist (teacher) 16 10 6 0 51 ± 9

Master’s student 27 11 16 0 26 ± 3

Bachelor’s student 36 16 20 0 22 ± 3

Total 163 86 74 3 37

Results for Category A (Comparisons of appearance)
A total of 156 participants answered Category A of the questionnaire. Figure 4 shows the mean 
percentage of the score given by the participants from each group on the VAS and the standard 
error of the mean. In a paired samples t-test, a statistically significant difference (P < 0.05) was 
found. For each of the four participant groups, the differences were 0.000, 0.005, 0.000 and 
0.000, respectively.
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Figure 4. This figure shows the mean percentage of the score given by all participants on a VAS, rating the re-
semblance of the appearance of virtual teeth compared to extracted teeth and to plastic teeth), including the 
standard error of the mean. 

Results for Category B (Expectations of learning possibilities)
Table 4 shows the results of Q1, Q2 and Q3 with subdivision of the groups. The ANOVA test 
(Table 5) executed in SPSS showed no significant differences between the means within the 
groups. The t-test indicated that the answers differed significantly (P < 0.05) amongst the ques-
tions (1–2, 2–3 and 1–3). 
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table 4. Mean and Median and standard deviation scores per group. (1=less, 2= equal, 3=more)

n mean + sD Q1
mean + sD 

Q2
mean + sD 

Q3
median

Q1
median

Q2
median

Q3

Virtual - 
extracted

Plastic - 
extracted

Virtual - 
plastic

Virtual - 
extracted

Plastic - 
extracted

Virtual - 
plastic

Dentist 79 1.43 ± 0.620 1.11 ± 0.371 2.72 ± 0.594 1 1 3

Teacher 15 1.54 ± 0.768 1.07 ± 0.277 2.53 ± 0.650 1 1 3

Master’s 
student

27 1.19 ± 0.408 1.11 ± 0.332 2.33 ± 0.712 1 1 3

Bachelor’s 
student

35 1.26 ± 0.452 1.03 ± 0.174 2.60 ± 0.659 1 1 3

table 5. Results of the ANOVA test for Question 1,2 and 3

mean square f P value

Q1 Between groups
Within groups

0.679
0.315

2.157 0.095

Q2 Between groups
Within groups

0.066
0.096

0.688 0.561

Q3 Between groups
Within groups

1.047
0.421

2.486 0.630

Table 6 shows the global mean values from paired t-tests (P < 0.05) for Q1, Q2 and Q3. The 
comparison between plastic and extracted teeth (Q2) received a lower rating than did the 
comparison of virtual and extracted teeth (Q1). Virtual teeth compared with plastic teeth (Q3) 
had the highest mean score. Figure 5 shows percentages of participants that answered less, 
equal or more on questions 1, 2 and 3 (Category B: the expectations of learning possibilities). 
The results show that over 70% of the participants expected to learn more from virtual teeth 
compared with plastic teeth. However, slightly less than 70% of participants indicated that they 
expected to learn less from the virtual teeth compared with natural teeth. When considering 
decreased expected learning from plastic teeth compared with natural teeth, this figure rose 
to over 90%.

table 6. Paired samples statistics for Q1, Q2, Q3; no division between groups.

Question n
mean

+ std. deviation std. error mean

Q1 156 1.36 ± 0.567 0.045

Q2 156 1.09 ± 0.308 0.025

Q3 156 2.61 ± 0.658 0.053
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Figure 5. Percentages of participants that answered less/equal/more on Questions 1, 2, and 3 in Category B. 

Results for Categories C, D and E (Overall appearance, appearance of the caries, 
appearance of the restoration)
Table 7 shows the results of the chi-square test of the scores for category C, D and E. This shows 
there are no significant differences in the scores between the four groups. 

Tables 8–10 show results of all participants, without subdivision in groups. 
Table 8 shows the means of the scores of category B, which represents the comparison of the 
overall appearance. Table 9 shows results of the appearance of the caries and Table 10 of the 
appearance of the restoration.

table 7. Paired samples statistics for Q1, Q2, Q3; no subdivision of the groups.

Pair Question pair n
mean

(paired differences)
sig. value
(P<0.005)

Pair 1 Q1 – Q2 156 0.269 0.000

Pair 2 Q1 – Q3 156 -1.250 0.000

Pair 3 Q2 – Q3 156 -1.519 0.000
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table 8. Chi-square test between groups Category B, C, and D

No. test n Value P-value No. test n Value P-value

Q 1 Chi-square test 163 8.733 .726 Q 12 Chi-square test 161 10.765 .549

Likelihood ratio 163 13.151 .358 Likelihood ratio 161 12.649 .395

Q 2 Chi-square test 163 7.928 .541 Q 13 Chi-square test 160 24.101 .063

Likelihood ratio 163 8.656 .470 Likelihood ratio 160 18.344 .245

Q 3 Chi-square test 163 11.437 .492 Q 14 Chi-square test 160 12.761 .387

Likelihood ratio 163 14.435 .274 Likelihood ratio 160 12.924 .375

Q 4 Chi-square test 162 17.280 .139 Q 15 Chi-square test 161 13.347 .344

Likelihood ratio 162 14.399 .276 Likelihood ratio 161 12.732 .389

Q 5 Chi-square test 162 17.782 .122 Q 16 Chi-square test 161 18.138 .112

Likelihood ratio 162 17.488 .132 Likelihood ratio 161 21.890 .039

Q 6 Chi-square test 162 16.615 .165 Q 17 Chi-square test 162 17.862 .120

Likelihood ratio 162 19.593 .075 Likelihood ratio 162 17.983 .116

Q 7 Chi-square test 163 26.158 .010 Q 18 Chi-square test 162 12.381 .416

Likelihood ratio 163 24.075 .020 Likelihood ratio 162 13.439 .338

Q 8 Chi-square test 163 28.357 .005 Q 19 Chi-square test 155 11.888 .455

Likelihood ratio 163 24.125 .020 Likelihood ratio 155 12.396 .414

Q 9 Chi-square test 163 8.557 .740 Q 20 Chi-square test 156 5.884 .922

Likelihood ratio 163 11.198 .512 Likelihood ratio 156 6.426 .893

Q 10 Chi-square test 162 22.228 .035 Q 21 Chi-square test 156 7.439 .827

Likelihood ratio 162 19.763 .072 Likelihood ratio 156 8.307 .761

Q 11 Chi-square test 161 15.231 .229

Likelihood ratio 161 14.973 .243

table 9. Mean scores and Standard Deviation in Category B (overall appearance) (no subdivision in groups)

mean (colour) + sD mean (shape) mean (in general)

Virtual vs. extracted 3.17 ± 1.014 3.86 ± .848 3.40 ± .992

Virtual vs. plastic 3.91 ± .849 4.01 ± .826 3.85 ± .918 

Plastic vs. extracted 2.35 ± .913 2.91 ± 1.008 2.56 ± 1.006

table 10. Mean scores and Standard Deviation in Category C (appearance of the caries) (no subdivision in groups)

mean (colour) mean (shape) mean (in general)

Virtual vs. extracted 2.90 ± 1.019 3.46 ± 1.045 3.25 ± 1.049

Virtual vs. plastic 3.79 ± .938 3.95 ± .830 3.88 ± .995

Plastic vs. extracted 1.97 ± .945 2.08 ± .929 1.94 ± .896
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table 11. Mean scores and Standard Deviation in Category D (appearance of the restoration) (no subdivision in 
groups)

mean (colour) mean (shape) mean (in general)

Virtual vs. extracted 2.99 ± .940 3.17 ± .972 2.94 ± .955

Results for Category F
In the final section of the questionnaire, the participants recorded their personal remarks and 
recommendations to improve the realism of the virtual teeth. The following comments were 
mentioned frequently: the enamel should be translucent, the colour transitions should be 
more gradual and white spot lesions and stains on the teeth would improve the realism. The 
participants also mentioned creating a structure on the surface of the different tissues. The 
bachelor’s degree students mentioned that a notable difference was the fact that they could 
hold plastic and human teeth in their hands during the inspection, whereas this is not possible 
with virtual teeth. 

In general, most of the participants mentioned that virtual teeth are a good addition to 
dental education but cannot completely replace extracted human teeth.

disCussion

In this study, the appearance of newly developed virtual teeth was evaluated and compared 
with that of extracted human teeth and plastic teeth. The responses to the questions in Cat-
egory A, which were related to appreciation of the appearance of the teeth, clearly showed 
that the participants considered the virtual teeth to resemble the extracted teeth more closely 
than the plastic teeth (P < 0.05). This result marks a step forward in simulation towards the 
replacement of extracted teeth, which are increasingly difficult for students and dental schools 
to collect. The second important aim of the study was to investigate the expected learning op-
portunities, Category B, using virtual teeth in a virtual learning environment. Virtual teeth are 
intended to be a valuable learning tool that can be used in addition to or instead of extracted 
teeth and they are anticipated to represent an improvement over plastic teeth. All groups of 
participants expected to learn more from the virtual teeth than from the plastic teeth but less 
from the virtual teeth than from the extracted teeth, which remain the ‘gold standard’. These 
results indicate that virtual teeth can expand learning opportunities for students when they 
are used in addition to extracted teeth. 

The statements in Categories C, D and E concerning the colour, shape and general appear-
ance of the virtual teeth were used to strengthen the results found in Categories A and B and 
were extended to investigate whether the appearance of the virtual teeth was sufficient to 
replace extracted human teeth or plastic teeth in dental education. 
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The participants were reasonably positive about the possible replacement of the extracted 
human teeth with virtual teeth. They were also reasonably positive about the possible re-
placement of plastic teeth with virtual teeth [the virtual teeth received higher scores than the 
plastic teeth did in all of these subcategories (Table 11)]. They were negative about replacing 
extracted human teeth with plastic teeth. These results emphasise the added value of virtual 
teeth in dental education alongside extracted and plastic teeth. In particular, the properties 
of general shape and colours of the virtual teeth were considered very similar to those of the 
extracted teeth. Regarding caries, the participants negatively evaluated the appearance of the 
caries in the plastic teeth, whereas the virtual caries were rated much more positively. They 
were more critical about the colour of the caries, but they still rated the virtual teeth higher 
than the plastic teeth. The results for the statements in Category E concerning the resem-
blance of the restoration were ambiguous. A possible explanation could be that only one tooth 
with an occlusal amalgam restoration was shown and no teeth with composites or fillings with 
other shapes or material. This may have made it difficult for the participants to make a clear 
judgement or recommendation. In a future study, more restorations in different teeth should 
be rated to study the feasibility of replacing extracted restored teeth in dental education. One 
limitation related to the statements in Categories C, D and E is that is it very difficult to define 
exactly what the ‘replacement’ of reality is. In this study, the teeth were considered feasible 
replacements in dental education as long as the resemblance of the different parts was ‘suf-
ficient for learning’. 

In another study, a multilayered virtual tooth model was developed for a dental training 
system.12 In that study, the authors mainly focused on creating a model (by Micro-CT) with 
realistic force feedback. They managed to create a virtual tooth with two different degrees of 
hardness (dental tissue and pulp), but no attention was devoted to improving the realism of the 
virtual teeth by adding colours. The authors state that the sense of reality should be increased. 
In the current study, the appearance of the virtual teeth was the sole focus. An evaluation of 
the hardness of the teeth will be included in a future study. In addition to evaluating the ‘look’ 
and ‘feel’, a virtual tooth should be placed in the complete context of a learning environment 
to evaluate its potential for replacing extracted human teeth. 

In general, the dentists were very positive about the virtual teeth and certainly saw their 
potential for replacing plastic teeth. The teachers, although more critical, were still cautiously 
positive about the virtual teeth. They emphasised the importance of using extracted human 
teeth because they show more ‘history’, such as demineralised enamel or occlusal wear. The 
master’s degree students were critical in their comments; the results of the questionnaire 
showed that they incorporated other experiences they had encountered using the Simodont 
dental trainer during their earlier education. These negative experiences of the students were 
acquired during the early ‘test implementation’ of the Simodont dental trainer. When the 
virtual learning environment was still in full development, the students had a few sessions on 
the Simodont dental trainer and in Category F some students referred to this experience. The 
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negative experiences consisted mainly of ‘the feeling is not realistically enough yet to replace 
extracted teeth’. In this study, their experience on the dental trainer was not questioned. The 
bachelor’s degree students indicated in their comments that the virtual teeth might be useful 
in addition to human and plastic teeth. They considered learning experiences with plastic teeth 
relevant as well, which could be a result of the fact that the students were working with plastic 
teeth in their curriculum at the time of the study. Therefore, they may have viewed the future 
learning possibilities from a different perspective. 

Instead of presenting photographs to the participants for this study, it was considered to 
present the actual models of the human extracted teeth, the virtual teeth and plastic teeth 
in three dimensions. Meaning, the real extracted tooth, a Simodont dental trainer in which 
the virtual tooth could be viewed in 3D and the real matching plastic tooth. This procedure 
was tested and was considered to be impractical for a large number of participants. It was 
decided that it was preferable to use a large group of participants rather than a small group 
with seemingly more realistic teeth.

The participants were not divided equally amongst the groups. Dentists working in general 
practice were present in a large number during the execution of the study. The number of 
faculty members is limited in a dental school, and therefore, that group was much smaller; 
however, the participants in the ‘teacher’ group represent a relatively large percentage of the 
pre-clinical teacher’s group at our school. Nonetheless, the difference in size compared with 
the other groups makes the probability of finding differences between groups smaller. Bach-
elor’s degree students and master’s degree students were more evenly divided and available 
in sufficient numbers. 

The participants were selected and grouped according to their level of experience in den-
tistry. Dentists in general practice have extensive clinical experience. The teachers, in addition 
to their clinical experience, have experience in traditional education and may be comfortable 
with the contemporary situation. With the introduction and application of new technologies, 
they might offer a different (more critical) appraisal. Master’s degree students have (limited) 
clinical experience, in addition to their extensive experience with plastic teeth. Bachelor’s 
degree students have extensive experience working with plastic teeth, so they can note their 
advantages and shortcomings easily. 

An advantage of using virtual teeth, which appear realistic, is that students directly learn 
to deal with carious lesions in the same way that they would in a patient instead of learning 
skills on plastic teeth in a phantom head. Therefore, the preparation design is based on the 
patient’s history and the extent of the dental caries instead of the shape of a standardised 
preparation.13 In addition, all of the students can work with the same case or tooth, which 
makes standardisation possible. 
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Conclusion
This study showed that the virtual teeth resembled the extracted human teeth more closely 
than the plastic teeth did and therefore were considered more realistic. 

All of the participants expected to learn more from the virtual teeth than from the plastic 
teeth, but less from the virtual teeth than from the extracted human teeth. They all stated 
that the virtual teeth, although not (yet) suitable for replacing extracted teeth, are a useful 
additional learning asset. Further research on haptic feedback in virtual teeth is necessary 
before they can completely replace extracted human teeth in (pre)clinical dental procedures.
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