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ABSTRACT

INTRODUCTION:

3D-printing technology can provide customizable simulations, but its effects on patient care quality 

have not been well studied. This study aimed to assess the impact of practicing with patient-

specific 3D-printed teeth models on the quality of 'patients' dental preparations performed by 

students transitioning to clinical training.  Accordingly, the quality of posterior crown preparations 

was evaluated by objectively analyzing digital scans and grades in two groups: the study group, 

which practiced beforehand with patient-specific 3D-printed teeth models, and the control group, 

which did not practice with these models.

METHODS:

All seventy-eight fourth-year dental students who had just finished their fixed prosthodontics 

course at the simulation laboratory with training on phantom heads and without previous clinical 

experience in crown preparations were invited to participate in the study. sixty-eight agreed to take 

part  and were randomly divided into a study group that practiced crown preparations on 3D-

printed models of their own 'patient's teeth and a control group that did not practice with 3D-printed 

models and started their clinical work straightforward after simulation training.  Students completed 

validated perception questionnaires on self-confidence and clinical skills before and after the 

protocol, which were compared using a chi-squared test. Crown preparations performed on 3D-

printed models and then on patients were digitally scanned and objectively graded by prepCheck® 

software for critical parameters, such as undercuts, taper, and occlusion reduction.  Non-

parametric tests were used to compare preparations on 3D-printed models and on patients 

performed by the study group and those on patients made by the control group.RESULTS:

Initially, both groups reported similar perceptions of self-confidence and clinical skills levels. The 

study group significantly improved both aspects after the protocol. Analysis of the scanned 

preparations demonstrated that the study group removed less tooth structure from actual patients 
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than from the initial 3D-printed models. In contrast, the control group showed excess occlusal 

clearance in their patients compared to the study group.

CONCLUSIONS:

Practicing patient-specific 3D-printed teeth before performing procedures clinically appears to 

enhance preparation quality and minimize unnecessary tooth reduction in early clinical 

experiences.

Keywords: Dental education, 3D printing, clinical skills, digital dentistry
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INTRODUCTION

The development of clinical motor skills is essential to train dental students and is a crucial part of 

the dental curriculum.1, 2 Thus, the pre-clinical years of the undergraduate dental program 

concentrate on the development of 'students' psychomotor skills to reach a level needed for the 

students to transfer to clinical courses with patient treatment.1

To be ready for this challenge, students practiced performing treatments with phantom heads and 

typodonts in simulation laboratories, a protected environment, under ideal working conditions. 

However, this approach does not always replicate the experience of practicing with live patients.3, 

4

Previous studies have reported that studying dentistry can be stressful and that pre-clinical to 

clinical transition work is recognized as a source of stress, fear, and anxiety. 4-10 This is primarily 

due to clinical exposure; that is, students are exposed to the demands of clinical dentistry 

combined with academic requirements.6 There are studies describing the so-called "shock of 

practice" on students, which is the result of the change experienced when moving from working in 

a simulated clinical environment with phantom heads or mannequins to providing dental care to 

real patients.8

Traditionally, pre-clinical dental training consists of the students repeating procedures on phantom 

heads mounted with articulated dental arch models with ivory teeth, virtual learning environments, 

and lately with 3D-printed teeth.6, 11, 12 This approach allows students to enhance their accuracy, 

quality, and efficiency by improving their technical skills and enabling them to reach the level of 

competence needed for the transfer to clinical work.1 Despite this training, students do not always 

feel prepared for clinical exposure and direct patient treatment.6 With the purpose of bridging the 

gap between pre-clinical and clinical work, some studies have used patient-specific 3D-printed 

models, providing a valuable contribution to students' self-confidence and autonomy.6, 12 However, 
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despite the reported positive results, whether this protocol produced better quality tooth 

preparations in patients has not been well studied.

Conventionally, the way of assessing the quality of students' work both in pre-clinical and clinical 

environments has been through teacher observation, which must be as objective and consistent 

as possible.13 However, despite calibration efforts, visual inspection of the assessment of students' 

work showed significant disparity.14 The development of intraoral scanning and digital grading 

software programs has been very useful in dental education, as they allow for automatic analysis 

of dental preparations, eliminating subjectivity in the assessment process. The software 

automatically informs students of the quality of a preparation through visual elements, providing 

immediate and objective feedback.15-18

This pilot study, based on deliberate practice theory,19 aimed to compare fourth-year dental 

students' posterior crown preparation quality with and without previously practicing the same tooth 

preparation using patient-specific 3D-printed teeth models; preparation quality was objectively 

assessed through intraoral scanning followed by digital grading. These students had no clinical 

experience on their own, as they were starting to treat patients independently and had just been 

approved for independent clinical work after completing their pre-clinical course. They previously 

just worked in pairs helping fifth-year students.
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MATERIALS AND METHODS

Ethical approval

The University of the Andes Scientific Ethical Committee reviewed and gave the study its full 

approval (reference number CEC202021).

Participants

All seventy-eight fourth-year dental students (57 females, 21 males, mean age 22.0 years, SD 

1.1) from the Integrated Adult Clinic I 2022 who had just finished their course on fixed 

prosthodontics at the simulation laboratory with training on phantom heads, and therefore had no 

previous clinical experience in crown preparations, were invited to participate in the study. Before 

the study started, participants read and signed a written consent document explaining the protocol. 

Volunteers were randomly divided into two groups utilizing a random formula in Excel®. The first 

group (study group) practiced crown preparations on their first patient with patient-specific 3D-

printed teeth models at the simulation laboratory before performing the same preparations in the 

clinic on their patients after completing the pre-clinical fixed prosthodontics course. The second 

group (control group) performed crown preparations on their patients after completing the pre-

clinical fixed prosthodontics course but without practicing on patient-specific 3D-printed models. 

The control group of students practiced crown preparations on patient-specific 3D-printed models 

of their second patient.

Perception questionnaires

Based on previous studies3, 12, 20 and our own experience, two draft questionnaires were 

developed.

The first one (a questionnaire with four Likert-style items) was created to assess both study and 

control group students' perceptions about their preparedness to perform crown preparations 

before the study started. The second one (a questionnaire with nine Likert-style items and one 

open-ended question for 'students' comments) was designed to evaluate the study group's 
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perceptions of the experience after practicing with the patient-specific 3D-printed teeth models 

and treating their patients.

During successive feedback from all tutors involved in the study, a draft of both questionnaires 

that included all relevant questions to the purpose of the study was developed. Subsequently, to 

ensure the face validity of the forms, the complete protocol was explained to seven fifth-year 

students who had practiced with 3D-printed models of their patients during the previous year 6 and 

were asked to complete the pen-and-paper questionnaires and provide feedback.

Study protocol

Study group: After completing the pre-clinical fixed prosthodontics course and when this group of 

participating students had devised a treatment plan to perform a crown preparation, they scanned 

the teeth of both jaws of their patients with a CEREC Omnicam (Dentsply Sirona, York, 

Pennsylvania, USA) and exported the obtained files in stereolithography (STL) format to be 

designed as solid blocks using 3D design software (PreForm - Formlabs, Somerville, 

Massachusetts, USA). Subsequently, the STL files were three-dimensionally printed in the same 

dimensions as a single material using a 3D printer with a photopolymer temporary crown and 

bridge rigid resin material color Vita A2 (Form3 - Formlabs). In previous studies, the post cured 

resin has shown a Vickers microhardness of 28.9±2.921 and a flexural strength of 138.6 ± 17.1 

MPa22. As a comparison and according to the manufacturer, the Frasaco® (Tettnang, Germany) 

typodont has a Shore-D hardness of 90, which would be in the range of 50 to 70 Vickers 

microhardness.

Before starting their crown restorations in the clinic, students in this group returned to the 

simulation laboratory to practice crown preparations on their patients' 3D-printed models mounted 

on phantom heads (Figure 1). Each student received two 3D-printed models on which to practice 

with the same instruments as those used in the clinic. In the simulation lab, students were given 

a set of sterilized but used burs to work on the 3D-printed models to compensate for the softness 

of the resin.
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During all practicing sessions in the simulation laboratory, two instructors were available to provide 

students with feedback. Once finished, the preparation that students had done on the patient-

specific 3D-printed models and on their patients under staff guidance were digitally scanned and 

graded using prepCheck® Pro 5.0.x software (Sirona Dental Systems); the three parameters 

considered critical by our clinical staff were as follows: undercuts (0.0–0.5 mm tolerance), 

preparation taper (4° – 12° tolerance) and distance between the preparation and the antagonist 

tooth (1.75–3.0 mm tolerance, ideal value 2.38 mm). As time was limited for the students, all 

scanning and analysis were conducted by one experienced instructor.

Furthermore, before starting the practice with the 3D-printed models, this group of students 

anonymously completed the first questionnaire to assess their perceptions about the 

preparedness to perform a crown restoration. After practicing with the 3D-printed models, students 

were asked to anonymously fill in the second questionnaire so that the answers in the first 

questionnaire about their perceptions of their practical skills and self-confidence, as well as about 

the utility of the experience, could be evaluated.

Control group: After approving the pre-clinical fixed prosthodontics course and before starting their 

clinical work, in the same way as the study group, these students anonymously completed the 

same first questionnaire so that the initial perceptions of both groups could be compared. These 

students worked directly on their patients under staff guidance once the treatment plan had been 

approved without practicing on 3D-printed models. Once the crown preparations in their patients 

were ready and approved, they were digitally scanned and digitally graded using prepCheck® 

software.

Data analysis

Likert-style answers from the two questionnaires were first descriptively studied. Subsequently, 

answers from both groups of students (study and control) were compared using a chi-squared test 
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to assess whether their perceptions about their preparedness to perform indirect restorations 

before the protocol were the same (Table 1).

Furthermore, two items from the first and second questionnaires assessed the same construct 

(clinical skills and self-confidence, Q1 and Q2 from Table 1 and Table 2). These were analyzed 

using a chi-squared test to determine whether there was a difference between students' opinions 

of the study group before the 3D-printed models' practice and after this experience.

Reports of the digital grading from prepCheck® were obtained from the digitally scanned 

preparations performed in the 3D-printed models and those in the patient by the study group. 

Using the non-parametric Wilcoxon test, as the data had a non-normal distribution, the three 

studied parameters (undercuts, preparation taper, and distance between the preparation and the 

antagonist tooth) of these two reports were compared to study whether there was a difference 

between the same type of preparations performed in the patient-specific 3D-printed models and 

those performed in the patients. Crown preparations in the patients of the control group were also 

digitally scanned and analyzed with prepCheck® software. Data for these preparations were 

compared to those from the patients in the study group using the non-parametric Mann‒Whitney 

U test, as the data had a non-normal distribution.

The data were organized into Microsoft Excel spreadsheets (Microsoft Excel, Microsoft Inc., 

Washington, USA) and statistically processed using SPSS Windows® version 27 (SPSS IBM Inc., 

USA). p values of less than 0.05 were considered statistically significant, and the same researcher 

grouped all comments from the second questionnaire.
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RESULTS

Each group consisted of 34 students (87% of a class of 78 students). Evaluation of the answers 

in the first questionnaire showed that both groups (study and control) had similar perceptions 

about the four assessed items (Table 1) (p>0.116). Both groups mostly felt prepared to treat 

patients according to their clinical skills, self-confidence, and knowledge and felt that the practice 

they had in the pre-clinical laboratory course prepared them to perform crown preparations on 

their patients.

The study group's perceptions about their clinical skills and self-confidence increased significantly 

(p<0.001) after practicing with the patient-specific 3D-printed models, changing mostly from 

""agree"" to ""completely agree"", as well as decreasing the ""neutral"" option (Figure 2). Table 2 

shows the study group's responses to the second questionnaire after students practiced with 

patient-specific 3D-printed models. They mostly expressed the opinions that having practiced with 

their patient-specific 3D-printed models was an enriching experience, that it helped them to 

develop their practical skills, that it was more realistic than the simulation with typodont, that they 

would like to practice more often with patient-specific 3D-printed models, and that the time 

invested was worth it. Not surprisingly, given the hardness of the used resin the majority of 

participants expressed their perception that practicing with the 3D-printed models was not like 

drilling dental enamel, but that it was like drilling typodont.

PrepCheck® analysis comparing undercuts in the crown preparations of the study group in 3D-

printed models and those performed in the patients showed no difference (p=0.111), with a very 

low percentage of surfaces having undercuts (Table 3).

When comparing the preparation taper of the study group, there was a significant excess in the 

percentage of surface reduction in the 3D-printed model preparations compared to those in their 

patients (p=0.031). The percentage of the surface with adequate reduction was significantly higher 
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in the preparation performed on the patients (p=0.014), while that of not enough reduction was 

similar on both occasions (p=0.139) (Table 3).

In relation to the distance between the preparation and the antagonist tooth, the mean percentage 

of the excess surface reduction the study group made on the patients was significantly less than 

that on the 3D-printed model (p<0.001). This means that the students removed less tooth structure 

in the patient, reaching a mean of 42.1% of the tooth surface with adequate reduction (Table 3).

When comparing the study and control groups (Table 4) undercuts, these showed no significant 

difference (p=0.819), with both being very low. Concerning the preparation taper, the study group 

showed a significantly higher percentage of a surface with adequate reduction (p<0.001), while 

the control group removed significantly more tooth structure in the patients when compared to the 

study group (p=0.011).

Something similar was observed when the distance to the antagonistic tooth was studied. The 

control group showed a significantly higher percentage of excess reduction than the study group 

(p<0.001), with the latter presenting a significantly higher percentage of adequate reduction 

(p=0.044).

From the thirty-four students in the study group, twenty (59%) provided comments in the second 

questionnaire, that is, after practicing with the 3D-printed models (Table 5). These comments were 

mostly positive and related to the useful opportunity to practice with their own patient models 

before performing the actual treatment.
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DISCUSSION

The current study aimed to compare fourth-year dental students' posterior crown preparation 

quality with and without previously practicing the same tooth preparation using patient-specific 3D-

printed teeth models by objectively assessing with intraoral scanning followed by digital grading 

using the prepCheck® system.

Before the study began, both groups of students (study and control) had similar perceptions 

regarding their clinical skills, self-confidence, and knowledge to perform a posterior crown 

preparation (Table 1), which means their start point perceptions were comparable. Although they 

thought their pre-clinical course prepared them to perform crown preparations, there were many 

students who wanted to practice these skills more with patient-specific 3D-printed models before 

performing the treatment on their patients. In this regard, some studies reported that dental 

students feel less confident in crown preparations23-25 despite this being considered a key skill in 

predoctoral dental training.26 In fact, our study group's perceptions about their clinical skills and 

self-confidence increased significantly after the deliberate practice protocol. Furthermore, the 

experience was rated as positive, and they highlighted its realism. 

The boosted perception of self-confidence might have been the main reason for the enhanced 

clinical performance of the study group in executing the clinical task after practicing with their 

patient-specific 3D-printed models. As Meisha et al.27 concluded, self-confidence in clinical 

procedures predicts future clinical success. In another study with patient-specific 3D-printed 

models, students expressed that their “self-confidence increased after practicing with the 3D 

models in a risk-free environment”, and that it “…was like working on familiar ground”.6

Another reason for this might have been the extra time students of the study group spent practicing 

with their 3D models. However, it should be noted that this was performed in a single session, 

which could be considered too brief to account for their enhanced clinical performance. 

Participants in this study practiced performing ten crown preparations on a typodont in the 
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simulation lab throughout their fixed prosthodontics pre-clinical training, in addition to one 

performed at the end of the course as part of their final practical skills exam. Passing this, along 

with other skills and theoretical tests, deemed them ready for clinical work, and they advanced to 

the next course to work with patients. This is supported by both the study and control groups' 

perceptions that they possessed the clinical skills necessary to perform the crown treatment on 

their patients and that they felt that the pre-clinical practice prepared them to perform this 

treatment on their patients.

Despite this, studies indicate that students find transitioning from pre-clinical to clinical training 

challenging, expressing desires for more practice time to refine motor skills and feel more 

prepared for patient treatment.6 They also call for "…more realistic simulation training, though it is 

never enough"28, even while expressing confidence in beginning patient treatment.

The majority of participating students expressed their perceptions that practicing with the 3D-

printed resin models was not like drilling dental enamel, though they perceived it similar to carving 

typodont. A common criticism of practicing with 3D-printed models is the inadequate hardness 

when compared to natural teeth,29 indicating that they can only offer a generic experience of what 

to expect during the actual procedure.30 Similar to our results, a recent publication comparing 

students' perception of drilling patient-specific 3D-printed and VR models reported that half of 

participants did not feel that it was like drilling real dental enamel.6

Concerning the preparation undercuts, both groups of students showed minimal and similar values 

that were not significantly different. This is probably because preparations showed a high 

percentage of preparation taper. Murbay et al.31 found in a study with undergraduate students 

preparing complete coverage dental crowns in a first molar with and without magnifying loupes 

that the majority of both groups of students had no undercuts. It should be mentioned that the 

students of the mentioned study had completed demonstrations and hands-on preparations in the 

simulation laboratory in seven different crown preparations before the study.
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Regarding taper, the study group procedures performed on their 3D-printed models and the 

control group procedures performed on their patients, demonstrated an excess of reduction in 

similar values: 51.3% in the study group (on 3D-printed models) and 49.3% in the control group 

(on patients). However, after the protocol of practicing with patient-specific 3D-printed models, the 

reduction in 'patients' tooth structure was significantly less in study group (33.6%) when compared 

to that in the control group (49.3%). This indicated that a simulated previous practice in patient-

specific 3D-printed models of the crown preparations that students had to perform on their patient, 

together with a tutor's feedback, helped them to correct the excess of resin material reduction 

previously noted when they performed the procedure on the 3D-printed models. It should be 

remembered that the existence of undercuts or overtapers is a major factor leading to a critical 

deficiency of full-veneer crown preparations 26 and that overtapering during crown preparations 

could involve pulp damage. Furthermore, and as stated by Strain et al.,32 as adhesive types of 

cement can overcome poor technical preparations, there is a need for the preservation of tooth 

structure.

Strain et al.,32 in their systematic review, found that it was difficult for dental students to achieve 

ideal taper angles and that increasing the taper of a preparation results in a more significant loss 

of coronal tissue and an increased biological cost of the restoration. Alhazmi et al.33 reported that 

students prepared tapers of crown preparations with greater values than the ideal range, with the 

highest values on mandibular molars compared to maxillary premolars. Notably, in the present 

study, there was no such difference, probably because 88% of the sample were premolars.

A study by Matthisson et al.1 that used prepCheck® to assess the progress of third-year dental 

students grinding a maxillary central incisor for crown preparation six times plus a practical 

examination, showed a mean of 53.0% above tolerance of tooth removal in the first session, which 

is very similar to the taper excess reduction found in our study (51.3% for the study group in the 

3D-printed models and 49.3% for the control group in their patients). Furthermore, during the 

second session, the percentage of tooth structure removed above tolerance decreased to 37.3%, 
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which is closer to the 33.6% of our study group when they prepared the crowns in their patients 

after practicing with 3D-printed models. The study by Murbay et al.31 with and without magnifying 

loupes also reported that between 43.9% and 47.5% of the preparations taper of both groups of 

study was within tolerance. This is similar to the outcome for our study group, which prepared 

43.5% of the surface tooth area with an adequate reduction in the patients; the control group only 

did so for 25.7% of the tooth area in the patients.

Concerning the distance between the preparation and the antagonistic tooth, there was also a 

significant difference between the excess reduction in the study group when they practiced on the 

3D-printed models (20.7%) and when they practiced on their patients (8.2%). Once again, the 

excess reduction noted in the patients treated by students in the control group (21.2%) was similar 

to that of patients treated by students in the study group when they first practiced on the 3D-printed 

models (20.7%). Most importantly, the control group's excess reduction in the patients (21.2%) 

was significantly higher than that in patients treated by students in the study group (8.2%). This 

indicated that practicing on patient-specific 3D-printed models with constant feedback can reduce 

the potential harm to the tooth structure.

The present study had some limitations. As raised by the students, when practicing with 3D-printed 

models, it is not possible to distinguish different tissues, such as gingiva, fillings, and decay, and 

models are printed in one block, making it difficult to remove approximal surfaces. These factors 

make the practicing on the model different from working in a real environment. Furthermore, the 

resin material used to print the 3D models is softer than tooth enamel, although similar to that of 

typodonts. The cost of implementing the 3D printing machinery as well as that of the resin itself 

must be considered. Finally, the small sample size and the fact that the study was performed in a 

single school does not allow for generalizations.
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CONCLUSION

'The study compared a group of dental students that practiced with patient-specific 3D-printed 

teeth models to a control group that did not. Initially, both groups had similar perceptions of their 

self-confidence and clinical skills. However, after the study group practiced on 3D-printed teeth 

models replicating their own patients, their perceptions of self-confidence and clinical skills 

significantly increased. The deliberate practice protocol with patient-specific 3D-printed models 

was found to enhance preparation quality and preserve tooth structure in early clinical 

experiences.
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Figure 1. Patient-specific three-dimensional (3D)-printed jaws mounted on a phantom head.

Page 21 of 66

Journal of Dental Education

Submitted manuscript - not for distribution

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

Figure 2. Study group (N.34) perceptions about their clinical skills and self-confidence before and 

after practicing with patient-specific 3D-printed teeth models. p value of the difference between 

their perceptions (chi-squared test).
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Table 1. Percentages of the responses of the students in the study (N.34) and control (N.34) groups in the first questionnaire, that is, before 

treating patients and practicing on 3D-printed models (study group) and before treating patients (control group). p value of the difference between 

the study and control groups (chi-squared test).

Study Group Control Group
Statement Strongly 

Agree
Agree Neutral Disagree

Strongly 

Disagree

Strongly 

Agree
Agree Neutral Disagree

Strongly 

Disagree

p value

Q1 I feel that I have the clinical skills to perform this treatment 

on my patient
5.9% 50.0% 38.2% 5.9% 0% 5.9% 67.6% 23.5% 2.9% 0% 0.489

Q2 I feel that I have the self-confidence to perform this treatment 

on my patient
14.7% 47.1% 29.4% 8.8%% 0% 5.9%% 58.8% 23.5% 11.8% 0% 0.553

Q3 I feel that I have the knowledge to perform this treatment on 

my patient
8.8% 64.7% 20.6% 5.9% 0% 0% 70.6% 11.8% 17.6% 0% 0.116

Q4 I feel that the pre-clinical practice I did prepared me to 

perform this treatment on my patient
14.7% 47.1% 29.4% 8.8% 0% 5.9% 58.8% 23.5% 11.8% 0% 0.398
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Table 2. Percentages of the responses of students in the study group (N.34) in the second questionnaire, that is, after having practiced with the 

patient-specific 3D-printed teeth models of their own patients.

Study Group
Statement Strongly 

Agree
Agree Neutral Disagree

Strongly 

Disagree

Q1 I feel more prepared in my clinical skills to treat patients after practicing with the 3D-printed 

model of my patient
70.6% 26.5% 2.9% 0% 0%

Q2 I feel that I have greater self-confidence to perform this treatment on my patients after 

practicing on the 3D-printed model of my patient
70.6% 20.6% 5.9% 2.9% 0%

Q3 Having practiced with the 3D-printed models was an enriching experience 64.7% 32.4% 2.9% 0% 0%

Q4 Having practiced with the 3D-printed models did not help to develop my practical skills 5.9% 8.8% 0% 20.6% 64.7%

Q5 I feel the experience of having practiced with 3D-printed models was a more realistic 

simulation than practicing with pre-clinical typodont
35.3% 26.5% 20.6% 17.6% 0%

Q6 I would like to be able to practice more often with patient-specific 3D-printed models before 

performing this treatment on my patient
31.0% 43.3% 11.0% 8.8% 5.9%

Q7 I feel that practicing with the 3D-printed models was like drilling typodont 13.5% 47.1% 33.5% 5.9% 0%

Q8 I feel that practicing with the 3D-printed models was like drilling dental enamel 0% 3.8% 35.1% 55.2% 5.9%

Q9 I do not think the time invested in practicing with 3D-printed models was worth it 0% 0% 2.9% 20.6% 76.5%
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Table 3. Comparison of the study group (N=34) results (%) by parameter for each criterion in 

those preparations performed first in 3D-printed models and then on patients. p value of the 

difference comparing the studied criterion (Wilcoxon test).

Parameter Criterion Mean SD p value
Presence of undercuts in the 3D 
model 0.01 0.02

Undercut
Presence of undercuts in the patient 0.03 0.04

0.111

Adequate reduction in 3D the model 31.4 15.6

Adequate reduction in the patient 43.5 20.6
0.014

Not enough reduction in the 3D 
model 17.3 14.6

Not enough reduction in the patient 22.9 18.0
0.139

Excess of reduction in the 3D model 51.3 24.5

Preparation 
taper

Excess of reduction in the patient 33.6 22.4
0.031

Adequate reduction in the 3D model 42.1 16.4

Adequate reduction in the patient 51.9 23.9
0.095

Not enough reduction in the 3D 
model 37.2 20.9

Not enough reduction in the patient 39.9 20.6
0.561

Excess of reduction in the 3D model 20.7 17.9

Distance 
between the 
preparation 

and the 
antagonist 

tooth

Excess of reduction in the patient 8.2 15.6
<0.001
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Table 4. Comparison of the study (N=34) and control (N=34) group results (%) by parameter 

for each criterion in preparations performed on patients. p value of the difference comparing 

the studied criterion of both groups (Mann‒Whitney U test).

Parameter Criterion Mean SD p value
Presence of undercuts in patients in the study group 0.03 0.04

Undercut
Presence of undercuts in patients in the control group 0.04 0.05

0.819

Adequate reduction in patients in the study group 43.5 20.6

Adequate reduction in patients in the control group 25.7 14.7
<0.001

Not enough reduction in patients in the study group 22.9 18.0

Not enough reduction in patients in the control group 25.0 22.1
0.980

Excess reduction in patients in the study group 33.6 22.4

Preparation 
taper

Excess reduction in patients in the control group 49.3 28.1
0.011

Adequate reduction in patients in the study group 51.9 23.9

Adequate reduction in patients in the control group 43.0 21.8
0.044

Not enough reduction in patients in the study group 39.9 20.6

Not enough reduction in patients in the control group 35.8 27.1
0.128

Excess reduction in the patients in the study group 8.2 15.6

Distance 
between the 
preparation 

and the 
antagonist 

tooth
Excess reduction in the patients in the control group 21.2 23.7

<0.001
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Table 5. Study group comments after following the deliberate practice protocol for working with 

patient-specific 3D-printed teeth models.

It was a helpful and excellent experience

It helped me to be a lot more self-confident when treating patients

It helped me to better understand the practical concepts of performing tooth preparations and where I 

need to improve

Being able to practice before performing the treatment on the patients was enjoyable

It helped to reduce anxiety when treating patients

It helped me to develop practical skills and improved the quality of the preparation in the patient and, 

therefore, their treatment

Practicing with 3D-printed models differs from working with the patient as it is impossible to distinguish 

gingiva, fillings, and decay

It was a helpful experience, especially when entering the clinic and starting to treat patients

It helped me to better understand the concepts of crown preparations

The approximal surfaces are difficult to remove as teeth are in one block and are a single color

There is a lot to gain and nothing to lose when practicing with 3D-printed models

It is a good way to practice and improve the skills necessary to treat each patient as he or she deserves
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