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Abstract
Aim: To evaluate the impact of a preclinical laboratory session using 3D printed 
teeth on dental student stress, anxiety, confidence and knowledge when treating 
deep caries and pulp exposure.
Methodology: This was a two-centre controlled study, with randomized distribu-
tion of students into two groups: a vital pulp treatment (VPT) lecture-only (control) 
group and a VPT-lecture combined with a VPT-laboratory (experimental) group. In 
both universities, preclinical students with endodontic or operative dentistry labora-
tory sessions could participate. All students were invited to the lecture. Two weeks 
later (timepoint-T1), both groups completed validated and bespoke questionnaires 
and scales to evaluate their stress (Stress-VAS), anxiety (STAI Trait [T] and State 
[S]), self-confidence and knowledge. Thereafter, only the experimental group at-
tended the hands-on laboratory session demonstrating the techniques of selective 
caries removal and partial pulpotomy on a commercial 3D-printed tooth. Two weeks 
later (timepoint-T2), the participants from both groups repopulated the same ques-
tionnaires and VAS. The control group had the laboratory session after the comple-
tion of the study. The statistical analysis was performed with Statistica® (significance 
p  =  .05). The homogeneity between the two samples was checked by Khi2 and 
Student tests. Stress-VAS, STAI-S, confidence and knowledge scores were compared 
within each group, and between the two groups, at T1 and T2, with a repeated meas-
ures anova test (+/−Tukey post-hoc test).
Results: The groups comprised 54 students each, with no statistical difference be-
tween the groups regarding demographic, academic data and STAI-T score. The two 
groups had no significant difference of Stress-VAS, STAI-S, confidence and knowl-
edge scores at T1 while they presented a significant difference in stress, anxiety 
and confidence scores at T2, but with no significant difference in knowledge score. 
However, knowledge score, as other parameters, improved significantly between T1 
and T2 in the experimental group.
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INTRODUCTION

Dental caries in permanent teeth remains a prevalent dis-
ease with approximately two billion people affected world-
wide (GBD 2017 Oral Disorders Collaborators et al., 2020). 
In response to advancing caries, the dentine–pulp complex 
reacts by a combination of inflammation and the promo-
tion of mineralization (Cooper et al., 2010). As a result of 
this interplay, the pulp of an affected tooth exhibiting deep 
caries can recover if the microbial irritation is removed 
and the tooth is restored with a high-quality sealing res-
toration (Cooper & Smith, 2016; Mjör & Tronstad, 1974). 
Over the last 10 years, there has been a significant focus on 
the development of minimally invasive strategies aimed at 
supporting the vitality of the pulp by reducing the inflam-
matory insult (Bjørndal et al., 2019).

The concept of selective caries removal to soft dentine, 
in one or two stages, in an attempt to avoid pulp exposure 
(Bjørndal et al., 2017), was promoted by the International 
Caries Consensus Collaboration recommendations as well 
as the European Society of Endodontology (ESE) position 
statement (ESE,  2019; Innes et al.,  2016; Schwendicke 
et al.,  2016). These recommendations applied to cases of 
deep caries, defined as caries reaching the inner third or 
quarter of dentine, in a tooth with symptoms not greater 
than reversible pulpitis (ESE,  2019; Innes et al.,  2016; 
Schwendicke et al.,  2016). Recently, the American 
Association of Endodontists (AAE) released a position 
statement promoting complete caries removal in all cases 
of deep caries, an opinion that opposes the views of other 
consensus documents (AAE, 2021). If the pulp is exposed 
in teeth with deep, or extremely deep caries (defined as car-
ies penetrating the entire thickness of dentine without a 
radiodense zone separating the lesion from the pulp), pulp 
capping, partial pulpotomy or full pulpotomy, with a hy-
draulic calcium silicate material is recommended; provided 
the tooth is asymptomatic, or exhibits symptoms indicative 
of reversible pulpitis (ESE, 2019). These pulp preservation 
approaches are supported by evidence highlighting that 
selective carious removal, and in cases of exposure, direct 
pulp capping with mineral trioxide aggregate (MTA), have 

cost-effectiveness advantages over more invasive treat-
ments such as root canal treatment (Emara et al., 2020).

A lack of consensus among dentists regarding the most 
appropriate way in which to manage deep caries and the 
exposed pulp has been highlighted (Careddu et al., 2021; 
Edwards et al., 2021), which may contribute to increased 
student anxiety and stress about the best way to man-
age pulp exposure (Chevalier et al.,  2021). As a result, 
there is a need to improve education for dental students 
in this area. The treatment of deep caries by a one-stage 
selective removal approach is already implemented in the 
United States (US) undergraduate cariology curriculum, 
in addition to the two-stage (stepwise) and pulp capping 
techniques (Fontana et al., 2016), while the management 
of deep caries and vital pulp treatment (VPT) are listed as 
core competences in both general (Cowpe et al., 2010; Field 
et al., 2017) and endodontic (De Moor et al., 2013) under-
graduate curricula. There remains, however, considerable 
scope for educational improvement and innovation. A sur-
vey of US Cariology faculty members revealed a lack of an 
evidence-based philosophy with regards to the teaching 
of deep carious tissue removal (Nascimento et al., 2017). 
When encountering this clinical scenario, half of the re-
spondents reported that the floor of the cavity had to be 
‘hard’, while the others were satisfied with a ‘leathery’ floor 
to the cavity (Nascimento et al., 2017). Furthermore, in a 
recent study, it was demonstrated that VPT and the use of 
hydraulic calcium silicate materials were part of the curric-
ulum in 93% and 80% of United Kingdom (UK) universities 
respectively during postgraduate endodontic training, but 
only in 60% and 40% of UK universities during undergrad-
uate preclinical training (Al Raisi et al., 2019). An investi-
gation in another European country, highlighted that only 
a small volume of time was dedicated to the teaching of 
VPT and modern endodontic materials in Spanish univer-
sities (Segura-Egea et al., 2021).

Despite an increased focus on student feedback, course 
satisfaction and support (Field et al., 2017), there is a paucity 
of studies assessing student anxiety, stress and confidence 
in the management of deep caries and the exposed pulp. 
A recent study highlighted that students were confident in 

Conclusions: The addition of a laboratory session using 3D-printed teeth that simu-
lated deep caries and pulp exposure management, significantly reduced the stress 
and anxiety of students and increased their confidence. Within the limitations of this 
study, the benefit of introducing new technology in increasing student confidence 
and reducing stress offers opportunity for educational improvement in the VPT and 
cariology areas.

K E Y W O R D S

deep caries, dental students, knowledge, laboratory simulation, stress, vital pulp treatment
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their ability to treat caries; however, the work did not specif-
ically address cases of deep caries (Rajan et al., 2020), while 
another study highlighted student's preference for carry-
ing out selective carious removal to soft dentine in cases of 
deep caries, despite a lack of experience with this technique 
(Chevalier et al., 2021). Notably, selective carious removal 
helped to decrease student stress when unexpectedly deal-
ing with a pulp exposure. In the event of pulp exposure, 
students reported increases in their stress levels, but consid-
ered pulp capping an easier technique to perform than par-
tial pulpotomy. They suggested that a preclinical laboratory 
simulation in this area could improve education and poten-
tially decrease their stress levels during clinical treatment 
(Chevalier et al., 2021).

In order to address this lack of pre-clinical training, as 
well as the limited experience students have with these tech-
niques, a preclinical laboratory practical simulation session 
addressing selective carious removal and partial pulpotomy 
was proposed. The principal objective of this study was to 
evaluate the impact of a preclinical laboratory teaching using 
commercially available 3D-printed teeth on student stress, 
anxiety, confidence and knowledge when performing deep 
caries management and pulp exposure. An additional aim 
was to assess if other parameters including gender, students 
level of general anxiety and university location influenced 
the impact of the session. The final aim was to evaluate how 
students appreciated the teaching innovation.

MATERIAL AND METHODS

This study was designed as a two-centre parallel con-
trolled study, with a randomized distribution of students 
into two groups: a VPT lecture-only group (control group) 
and a VPT lecture group combined with a VPT lab session 
(experimental group).

The VPT lab session comprised of two steps. The first 
step involved carrying out selective carious removal to 
soft dentine on a commercially available 3D-printed tooth 
(Right Nao), which had a deep carious lesion and simu-
lated pulp tissue. The second step consisted of performing 
a partial pulpotomy on the same tooth.

The impact of implementing this preclinical labora-
tory session on stress, anxiety, confidence and knowledge 
was evaluated by a range of assessments and question-
naires among preclinical undergraduate students in two 
European centres.

Ethical considerations

This study was carried out in Brest Dental University (BDU) 
and in the School of Dental Sciences, Trinity College Dublin 

(TCD) and was approved by both the Ethics Committee 
of Brest University Hospital (N° B2021CE.09) and by the 
Ethics Committee of Dublin Dental University Hospital 
(DDUH) (N° 2019-11-01). Prior to engaging in the study, all 
potential participating students were informed of the nature 
of the study, allowed to ask questions, and asked to consider 
their inclusion, before completing a consent form if they vol-
untarily agreed to take part in the study.

Participants

All preclinical dental science students who were sched-
uled to have preclinical laboratory simulation sessions 
organized by the Department of Restorative Dentistry 
and Endodontics in the BDU and by the Endodontic 
staff of the Division of Restorative Dentistry and 
Periodontology in the School of Dental Sciences, TCD, 
were invited to participate the study. Depending on the 
respective curricula and timetables in each jurisdiction, 
this dictated that students in second and third years in 
BDU and students in second year in TCD could partici-
pate. Only students who expressed an interest in partici-
pating and signed consent were included in the study. 
All students who refused to sign the consent or were 
absent during the preclinical session, or who did not 
complete one or more surveys were excluded from the 
survey and project.

Randomisation

Within each academic year group in both dental schools, 
students were randomly assigned to the control or the 
experimental group using an online computer-generated 
number (www.rando​mizer.org) and block randomisation 
technique.

Sample size calculation

Variation in student stress levels measured by a 0–10 
visual analogue scale (VAS) was considered the primary 
outcome and basis for the study power calculation. The 
number of subjects was determined in order to guaran-
tee a power of 80% for the demonstration of a clinically 
meaningful Stress-VAS difference of 1.5 points between 
the groups after the lab-session of the tested group, with 
a standard deviation of approximately 2 points (previ-
ously determined in a pilot study). With these assump-
tions, a total of 29 subjects per group accounting for 
potential drops outs (58 in total) was deemed an ade-
quate number.
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Intervention/study design

Prior to the preclinical lab session

The students were randomized into two groups by an 
online block randomisation tool (www.rando​mizer.org). 
All students (included and non-included) were invited to 
participate in a Zoom® lecture about the management of 

deep caries and the exposed pulp. This lecture was based 
on the recent ESE position statement regarding the man-
agement of deep caries and associated recommendations 
(ESE,  2019). It was prepared in a collaborative process 
between endodontic leads in both universities (VC, HD). 
In BDU and TCD the lecture presented to the students 
was given by the same dental individual (VC). The first 
evaluation (for both groups) and the preclinical laboratory 

F I G U R E  1   Study design
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session for the experimental group occurred 2 weeks after 
the lecture (Figure 1).

Preclinical lab session

Immediately before beginning the laboratory session (de-
fined as T1), all the included students (from both groups) 
completed the assigned questionnaires and VAS to evalu-
ate their stress, anxiety, self-confidence and knowledge. 
Thereafter, only the experimental group attended the VPT 
laboratory session (Figure 1).

First, a clinical case describing a mandibular molar with 
signs and symptoms indicative of reversible pulpitis due 
to deep caries was shown to the students. Questions were 
asked about diagnosis and treatment. The answers were 
discussed with the group for the clinical case. Thereafter, 
students performed the one-stage selective removal to soft 
dentine under rubber dam on the Naodent® (Right-Nao) 
simulated tooth (3D-printed resin tooth with deep carious 
lesion and gelatinous pulp tissue) using a step-by-step teach-
ing method. They were instructed to avoid pulp exposure by 
carefully leaving a thin layer of residual soft dentine on the 
pulpal aspect of the cavity. Once selective carious removal 
was complete and checked by the supervisors, the students 
placed a 3–4 mm thick layer of a hydraulic calcium silicate 
material (Biodentine®; Septodont) over the deep dentine.

In a second exercise, a new clinical scenario was pre-
sented and discussed and this led the students to remove 
the biomaterial and to perform a non-selective (complete) 
caries removal. This invariably resulted in pulp exposure. 
Pulpal bleeding was simulated by the exudate of red liquid 
from the gelatinous pulp tissue. After simulation of pulp 
wound lavage with 2.5% sodium hypochlorite solution, a 
partial pulpotomy procedure was carried out with the re-
moval of approximately 3 mm of pulp tissue, disinfection, 
haemostasis and placement of a hydraulic calcium silicate 
(Biodentine®) onto the exposed pulp.

At the completion of the lab session, a training evalua-
tion survey critically assessing the session was distributed 
to every member of the experimental group.

After the preclinical lab session

Two weeks later (timepoint-T2), the participants from 
both groups repopulated the questionnaires and visual 
scales to evaluate their stress, anxiety, confidence and 
knowledge regarding VPT. For reasons of ethical and edu-
cational standardization, the control group also benefited 
from the laboratory session after the end of the study and 
completed the training evaluation survey at the end of the 
VPT lab session.

Assessment tools

Stress and anxiety

To evaluate student anxiety, the validated Spielberger STAI 
State (S) and Trait (T) questionnaire (Spielberger,  1983; 
Spielberger,  1989), with each STAI (S and T) question-
naire containing 20 items rated one to four, was used. 
The higher the score, the higher the anxiety. The STAI-T 
scale characterizes anxiety, by assessing the way subjects 
feel in general. This questionnaire was distributed to 
all the included students to investigate and ensure that 
the two groups were similar in terms of general stress 
(Figure  1). In the general population, the mean Trait 
anxiety score is reported as 34.8 for females and 34.9 for 
males (Spielberger,  1983). Above a score of 47, women 
and men are considered anxious (McDowell, 2006). The 
STAI-S scale is related in this case to the feelings experi-
enced before treatment of a deep carious lesion with risk 
of pulp exposure. A clinical photograph and accompany-
ing radiograph were shown to the students and they were 
asked to report the anxiety they would experience in this 
clinical situation, at T1 and T2. In general, for STAI-S, 
the mean score is 35.2 for females and 35.7 for males 
(Spielberger, 1983).

Stress was assessed using a stress visual analogic scale 
(Stress-VAS). The VAS is based on a 10-cm scale on which 
subjects were asked at T1 and T2 to score the level of stress 
they would experience before deep caries removal with 
risk of pulp exposure (as with STAI-S) from 0 (no stress) 
to 10 (worst possible stress). VAS to analyse stress has pre-
viously been validated with a threshold at 6 defined as the 
point where a person can be considered stressed (Lesage 
et al., 2012; Lesage & Berjot, 2011).

Confidence

A bespoke confidence questionnaire with 10 included 
items (Table 1) was constructed by two members of aca-
demic staff, one each from BDU and TCD. The confidence 
was assessed from 0 (=no confidence) to 10 (=total confi-
dence) for each of the 10 questions by using a Confidence-
VAS, at T1 and T2. The mean score for the 10 questions 
was calculated for each student (scored out of 10).

Knowledge

A multiple-choice questionnaire with 10 items (Table 2), 
was constructed by the same academics as the confidence 
questionnaire. It aimed to evaluate the student's theoreti-
cal knowledge about VPT at T1 and T2. Each answer was 
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awarded one mark, with each student obtaining a final 
score out of 10.

Training evaluation questionnaire

A satisfaction evaluation survey with 15 items (Table 3) 
was constructed. Fourteen items were closed-ended VAS-
type questions rated between 0 (=totally disagree) and 10 
(=totally agree) and the last question was an open ques-
tion to permit comments.

Statistical analysis

The statistical analysis was performed with Statistica® (ver-
sion 14) (Tibco) and checked for normality of the data distri-
bution. The two samples (experimental and control groups) 
were compared in terms of gender, year of study and the 
universities' location by a Khi2 test, and in terms of STAI-T 
score, as well as age by a Student independent t-test. The 
significance level was set at p ≤ .05. Each of the main param-
eters (Stress-VAS score, STAI-S score, confidence score and 
knowledge score) was compared within each group, and be-
tween the two groups, at T1 and T2, with a repeated measures 
anova test, followed by a Tukey post-hoc test, if required.

The effect of gender, STAI-T and dental school loca-
tion on various principal parameters at T1 for the whole 
sample was analysed by a Student t-test. A correlation test 
(Correlation Matrices Test) was made at T1 for the entire 
sample between the Stress-VAS and the STAI-S. The effect 
of gender, STAI-T and school location on the evolution 
of the main parameters (Stress-VAS score, STAI-S score, 
confidence score and knowledge score) between T1 and 
T2 was analysed by a repeated measures anova test (+/− 
Tukey post-hoc test) in the experimental group and sepa-
rately in the control group.

RESULTS

Group demographics

Ten students were excluded for the following reasons; re-
fusal (n = 1), absence from a session (n = 1) and incomplete 
surveys (n = 8) (Figure 1), leaving a total sample of 108 stu-
dents, with 54 students in each group. The experimental 
group comprised 23 students from TCD (second year) and 
31 from BDU (15 second years and 16 third years). The 
control group consisted of 22 students from DDUH (sec-
ond year) and 32 from BDU (16 second years and 16 third 
years). The mean ages were 21.44 (±3.24) years in the 

T A B L E  1   Confidence questionnaire

Questions Group T1 T2

1 I feel confident managing carious tissue removal. Experimental group 5.29 ± 2.09 6.79 ± 1.93

Control group 5.46 ± 2.54 5.26 ± 2.64

2 I can easily evaluate my work in Cariology. Experimental group 4.12 ± 1.92 5.85 ± 2.06

Control group 4.50 ± 2.30 4.63 ± 2.34

3 I feel confident when managing a deep carious lesion. Experimental group 3.58 ± 2.33 6.08 ± 2.15

Control group 4.20 ± 2.35 3.81 ± 2.12

4 I feel confident when managing an extremely deep carious 
lesion.

Experimental group 2.70 ± 1.87 5.35 ± 2.13

Control group 3.25 ± 2.18 2.94 ± 2.03

5 I am able to readily evaluate the position of the bur inside 
the tooth (pulp distance, depth of the cavity) during the 
procedure.

Experimental group 4.62 ± 2.25 5.91 ± 2.23

Control group 4.37 ± 2.59 4.21 ± 2.25

6 I feel confident when performing selective carious removal to 
soft dentine in a patient.

Experimental group 4.06 ± 2.60 6.19 ± 2.20

Control group 4.25 ± 2.53 4.04 ± 2.57

7 I feel confident when performing a partial pulpotomy. Experimental group 3.06 ± 2.24 5.59 ± 2.15

Control group 2.92 ± 2.19 2.98 ± 2.28

8 I feel confident placing the rubber-dam. Experimental group 7.80 ± 2.28 8.55 ± 1.52

Control group 7.85 ± 2.25 7.73 ± 1.91

9 I feel confident when placing a hydraulic calcium silicate 
(Biodentine).

Experimental group 4.02 ± 2.59 7.83 ± 1.81

Control group 4.45 ± 2.60 4.29 ± 2.69

10 I feel confident obtaining haemostasis after pulp exposure. Experimental group 3.22 ± 2.33 6.68 ± 2.23

Control group 3.36 ± 2.30 3.57 ± 2.72
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experimental and 21.81 (±2.95) years in the control group. 
There were 34 females and 20 males in the experimental 
group and 37 females and 17 males in the control group. 
The baseline STAI-T score demonstrated that, in general, 
the individuals in both groups had moderate levels of 
anxiety, with 38.83 (±9.54) in the experimental group and 
39.33 (±10.61) in the control group. There was no statisti-
cal difference in the profile of the groups in terms of gen-
der (p =  .54), year of study (p = 1.0), university location 
(p = .85), STAI-T score (p = .8) and age (p = .54).

Comparisons between the groups at 
T1 and T2

The means and standard deviations of Stress-VAS, STAI-S 
score, confidence questionnaire and knowledge question-
naire for both groups at T1 and T2 along with results from 
the anova repeated tests are presented in Table 4. There 
was no significant difference between the two groups in 
terms of Stress-VAS (p = .8), STAI-S (p = 1.0), confidence 
scores (p  =  .86) and knowledge scores (p  =  .84) at T1 
(Table 4). Both groups reported that they generally felt quite 
stressed and anxious in the clinic when managing deep car-
ies, according to their Stress-VAS and STAI-S at T1. There 

was a significantly lower stress and anxiety (Stress-VAS 
[p = .007] and STAI-S [p = .01]) in the experimental group 
at T2 in comparison with the control group (Table 4). There 
was no difference in confidence and knowledge scores be-
tween the two groups at T1, with similar low-to-moderate 
levels of confidence and a feeling that their knowledge was 
insufficient (Table 4). Confidence was significantly higher 
in the experimental group in comparison with the control 
group at T2 (p < .001), while knowledge was not signifi-
cantly increased in the experimental group in comparison 
with the control group (p = .73) (Table 4).

Comparisons in each group between 
T1 and T2

Differences in Stress-VAS, STAI-S, confidence score between 
T1 and T2 were significant in the experimental group (with 
p < .001 for the three parameters), but not in the control group 
(Table  4). In the experimental group at T2, the questions 
that were associated with an increase of confidence, greater 
than or equal to a 25% change, were questions 3, 4, 7, 9 and 
10; which were related to deep (and extremely deep) caries 
removal, partial pulpotomy, placement of a hydraulic calcium 
silicate cement and haemostasis after pulp exposure (Table 1).

T A B L E  2   Knowledge questionnaire

Items Group T1 T2

1 Definition of “deep carious lesion” Experimental group 0.43 ± 0.43 0.50 ± 0.37

Control group 0.37 ± 0.39 0.43 ± 0.39

2 Treatment of a deep caries with an irreversible pulpitis Experimental group 0.57 ± 0.50 0.48 ± 0.50

Control group 0.44 ± 0.50 0.43 ± 0.50

3 Definition of “extremely deep carious lesion” Experimental group 0.46 ± 0.36 0.47 ± 0.40

Control group 0.50 ± 0.40 0.49 ± 0.37

4 Definition and steps of a selective caries removal to soft 
dentine

Experimental group 0.52 ± 0.50 0.57 ± 0.50

Control group 0.61 ± 0.49 0.67 ± 0.48

5 Definition of “soft dentine” Experimental group 0.57 ± 0.34 0.65 ± 0.36

Control group 0.59 ± 0.30 0.64 ± 0.28

6 Way of performing a selective carious removal to soft 
dentine

Experimental group 0.70 ± 0.46 0.85 ± 0.36

Control group 0.80 ± 0.41 0.78 ± 0.42

7 Type of carious removal (complete/selective) and VPT 
to perform in case of a reversible pulpitis with a pulp 
exposure

Experimental group 0.13 ± 0.24 0.15 ± 0.27

Control group 0.22 ± 0.34 0.08 ± 0.21

8 Recommended material for a direct pulp capping or a 
pulpotomy

Experimental group 0.48 ± 0.48 0.51 ± 0.48

Control group 0.66 ± 0.42 0.55 ± 0.45

9 Recommended treatment following a pulp exposure on a 
vital asymptomatic tooth

Experimental group 0.22 ± 0.36 0.39 ± 0.43

Control group 0.26 ± 0.36 0.36 ± 0.42

10 Management of a pulp exposure during a deep carious 
removal

Experimental group 0.45 ± 0.40 0.56 ± 0.43

Control group 0.36 ± 0.42 0.35 ± 0.43

Abbreviation: VPT, vital pulp treatment.
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The difference in knowledge scores between T1 and T2 
was significant (p =  .05) in the experimental group and 
not significant in the control group (Table 4). In the exper-
imental group at T2, the questions that recorded greater 
than or equal to a 10% increase in their correct answer 
rate, was question 6 (related to selective carious removal) 
and questions 9 and 10, which related to pulp exposure 
and its management (Table 2).

Effect of gender, university 
location and STAI-T on the stress, anxiety, 
confidence and knowledge scores at T1

Results at T1 for the entire sample rated to gender, loca-
tion of the university and STAI-T score are highlighted in 
Table 5. At T1, female anxiety and stress were significantly 
higher than male anxiety and stress (p = .03 and p = .04 
respectively) (Table 5), while female confidence was not 
significantly different from male confidence (p  =  .19). 
Female mean knowledge score was not significantly dif-
ferent from men (p = .43) (Table 5).

Trinity College Dublin students were significantly more 
anxious and stressed than those in Brest (with respectively 
p = .007 and p = .04). While the confidence of students in 

TCD was not shown to be significantly lower (p = .06), it 
was close to the significance level. The mean knowledge of 
BDU students in the subject area was significantly higher 
than that of TCD students (p < .001) (Table 5).

Students who were generally more anxious 
(STAI-T ≥ 47), presented with a significantly higher anxi-
ety and stress at T1 (STAI-S [p = <.001] and Stress-VAS 
[p = .003]) and a significantly lower confidence (p = .005). 
However, the knowledge score was not significantly differ-
ent according to the STAI-T group at T1 (p = .31) (Table 5). 
The result of the correlation test on the entire sample at 
T1 highlighted a good correlation between the Stress-VAS 
and the STAI-S (r = .70).

Effect of gender, university 
location and STAI-T on the stress, anxiety, 
confidence and knowledge scores in the 
experimental and control groups, between 
T1 and T2

In the experimental group, gender had no influence on 
the development of Stress measured by VAS (p = .88), of 
anxiety indicated by STAI-S (p = .18), of confidence score 
(p = .81) as well as knowledge score (p = .12) (Table 6).

Questions
Mean ± standard 
deviation

1 I liked this lab training session 9.18 ± 0.95

2 The topic of this lab training was interesting 9.23 ± 0.83

3 The duration of the lab training was satisfactory 8.41 ± 1.81

4 This lab training is adapted to my academic level 8.37 ± 1.64

5 This lab training was useful 9.29 ± 0.83

6 The 3-D printed model (tooth) enabled me to discover 
the texture of carious tissue and the bleeding of a vital 
tooth

9.21 ± 1.09

7 This simulation helped to consolidate my knowledge 9.09 ± 1.27

8 This simulation allowed me to acquire new knowledge 9.20 ± 1.00

9 This lab training has enabled me to develop my skills 
regarding the management of the deep caries and VPT

9.31 ± 0.78

10 This lab training has enabled me to develop my theoretical 
understanding regarding the management of the deep 
caries and VPT

9.24 ± 0.77

11 This lab training has enabled me to develop dexterity in 
the management of deep caries and VPT

8.92 ± 1.37

12 I would like to try this kind of lab training in a different 
subject or speciality

9.31 ± 1.17

13 This lab training will influence my future practice 8.73 ± 1.42

14 I would recommend this preclinical lab to other students 9.46 ± 0.76

15 Do you have comments or suggestions?

Abbreviation: VPT, vital pulp treatment.

T A B L E  3   Training evaluation 
questionnaire
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In the experimental group, the location of the univer-
sity school had no influence on the development of Stress 
measured by VAS (p = .73), STAI-S score (p = .98), or con-
fidence score (p = .10). However, TCD students acquired 
greater knowledge (p = .01), with a significant difference 
between T1 and T2 (p =  .002), than BDU students, who 
demonstrated no significant difference in knowledge 
score between T1 and T2 (p = .92) (Table 6).

In the experimental group, students that were gen-
erally more stressed (STAI-T ≥ 47) demonstrated a sim-
ilar development of their STAI-S (p  =  .45), Stress-VAS 
(p = .39), confidence (p = .29) and knowledge (p = .85) 
scores, compared with students who were generally less 
stressed (STAI-T < 47) (Table 6).

In the control group, gender, university location 
and STAI-T had no significant influence on the varia-
tion of stress, anxiety, confidence and knowledge scores 
(p > .05).

Training evaluation by the students

The majority of students reported that they enjoyed the 
session (Table 3) and considered it useful as a simulation 
of caries removal and was particularly useful for deep car-
ies removal. Other recurrently positive comments in the 
students' qualitative analysis were:

‘I really enjoyed this simulation. It helped me 
get a better idea of what I would expect on a 
real tooth’.

‘I loved the 3-D printed tooth!’

‘This was really fun. I really enjoyed the fact 
that it was taken through step by step, includ-
ing teaching us how to diagnose and choose 
the treatment’.

However, there were also some negative comments 
with selected second years in BDU highlighting that the 
session occurred too early in their curriculum. Other 
students would have preferred to have sufficient time 
to carry out the coronal restoration of the tooth in the 
session. Other critical comments, which occurred fre-
quently were:

‘It would be useful if we could place the prac-
tice tooth into our mannequin head to im-
prove dexterity’.
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‘I would have liked to have enough time to 
place the composite definitive restoration in 
the session’.

‘It would be useful to attempt multiple times 
on multiple teeth’.

DISCUSSION

Recent research recommends performing selective cari-
ous removal to prevent pulp exposure in cases of deep car-
ies (Barros et al., 2020) and partial pulpotomy, if the pulp 

is exposed and the symptoms are not severe (ESE, 2019; 
Schwendicke et al., 2016). Paradoxically, students describe 
difficulties in carrying out both techniques, specifically 
with regard to the volume and the surface characteristics 
of the dentine to be retained in cases of selective caries 
removal and the quantity of pulp tissue removal, in cases 
of partial pulpotomy. They also highlight a lack of hands-
on training in this area, which reduces their confidence 
(Chevalier et al., 2021).

In an attempt to address these concerns, a preclinical 
laboratory class was designed as a practical educational 
training session for students to carry out selective carious 
removal and partial pulpotomy. The reasons for selecting a 

At T1 STAI-S Stress-VAS
Confidence 
score

Knowledge 
score

Female 46.31 ± 9.63 5.64 ± 2.16 4.19 ± 1.57 4.77 ± 1.81

Male 41.70 ± 11.59 4.66 ± 2.41 4.64 ± 1.78 4.46 ± 2.15

Inter-gender
p Value

.03 .04 .19 .43

TCD 47.96 ± 10.88 5.89 ± 2.60 3.98 ± 1.81 3.62 ± 1.43

BDU 42.43 ± 9.71 4.93 ± 2.00 4.60 ± 1.50 5.42 ± 1.90

Inter-university
p Value

.007 .04 .06 <.001

STAI-T ≥ 47 52.63 ± 7.82 6.54 ± 1.73 3.52 ± 1.30 4.31 ± 1.63

STAI-T < 47 42.48 ± 10.14 4.93 ± 2.31 4.59 ± 1.67 4.77 ± 2.01

Inter-STAI-T
p Value

<.001 .003 .005 .31

Abbreviations: BDU, Brest Dental University; TCD, Trinity College Dublin.

T A B L E  5   Comparison of mean 
score (± SD) of stress, confidence and 
knowledge at T1 according to gender, 
school location and anxiety trait (p = .05)

T A B L E  6   Experimental group results at T1 and T2 for the principal parameters (STAI-S, VAS-stress, confidence, knowledge) 
highlighting mean variation and standard deviation (according to gender, school location and anxiety trait [STAI-T]) and p values (anova 
repeated test, with p = .05)

Experimental group

STAI-S VAS-stress Confidence Knowledge

T1 T2 T1 T2 T1 T2 T1 T2

Female 45.94 ± 10.79 39.00 ± 8.40 5.43 ± 2.41 4.13 ± 2.28 3.99 ± 1.43 6.18 ± 1.54 4.67 ± 1.97 5.03 ± 1.73

Male 42.15 ± 9.26 37.60 ± 8.33 4.53 ± 1.80 3.32 ± 2.15 4.61 ± 1.76 6.88 ± 1.46 4.26 ± 2.23 5.29 ± 1.95

T1-T2*gender
p-Value

.18 .88 .81 .12

Dublin 48.39 ± 10.00 42.30 ± 7.75 5.77 ± 2.24 4.36 ± 2.42 3.84 ± 1.58 6.36 ± 1.62 3.07 ± 1.10 4.26 ± 1.45

Brest 41.68 ± 9.77 35.65 ± 7.66 4.66 ± 2.13 3.48 ± 2.10 4.50 ± 1.54 6.49 ± 1.50 5.60 ± 1.94 5.77 ± 1.77

T1-T2*location
p-Value

.98 .73 .10 .01

STAI-T ≥ 47 52.64 ± 6.90 45.27 ± 5.90 6.13 ± 1.26 4.30 ± 2.05 3.58 ± 0.94 6.13 ± 1.44 4.01 ± 1.42 4.70 ± 1.82

STAI-T < 47 42.47 ± 10.09 36.74 ± 7.99 4.84 ± 2.34 3.71 ± 2.30 4.38 ± 1.67 6.52 ± 1.57 4.65 ± 2.19 5.24 ± 1.80

T1-T2*STAI-T
p-Value

.45 .39 .29 .85
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laboratory session included the fact that, training on simu-
lated dental models has played a key role in dental educa-
tion for more than 100 years (Perry et al., 2015) and remains 
a key component of the dental educational armamentar-
ium, particularly in the skills required for endodontics 
and operative dentistry (Al Raisi et al., 2019; Segura-Egea 
et al., 2021; Tikhonova et al., 2018). Laboratory simulation 
sessions stimulate the development of specific psychomo-
tor skills and generate mental and physical routines for 
performing dental treatment, prior to moving to the clinic 
(Perry et al., 2015; Widbiller et al., 2018). These laboratory 
sessions rely on a student-centred-approach (Hesson & 
Shad, 2007; Liu et al., 2019) that stimulates several mem-
ory processes (visual, tactile and auditory memories), 
which are important for the learning process (Shams & 
Seitz,  2008). In simulated practice, the learning process 
can be facilitated using an incremental or step-by-step 
method during the laboratory training session, as this 
has been shown to be effective for optimal learning (Liu 
et al.,  2019; Yuan et al.,  2020). Finally, a laboratory ses-
sion was selected after feedback from students, and den-
tal practitioners, who consider it a good educational tool 
to improve their confidence and practice for endodontic 
and restorative procedures (Chevalier et al., 2021; Hattar 
et al., 2021; Haug et al., 2021).

A considerable challenge when planning laboratory 
teaching of deep caries and exposed pulp is the absence 
of a tooth model that accurately simulates the clinical 
situation. Within this study, natural teeth were first con-
sidered, but excluded due to issues of infection control 
(Qualtrough,  2014), lack of available teeth, inability to 
standardize caries depth and an absence of pulpal bleed-
ing due to necrosis. 3D printed teeth were then consid-
ered, not only as they are new educational tools, but also 
because they simulate the clinical reality in an identical 
manner for each student (Marty et al.,  2019; Reymus 
et al.,  2019). Feedback has highlighted that they are ap-
preciated by undergraduate students due to their limitless 
availability and educational equality that standardization 
brings (Reymus et al., 2019). A tooth model simulating a 
deep carious lesion was developed specifically for pulpo-
tomy training from a Cone Beam Computed Tomography 
(CBCT) scan of a molar tooth (Marty et al.,  2019). The 
commercial tooth (Right-Nao) model employed in this 
study adopted a similar approach.

Biodentine® (Septodont) was selected as the bioma-
terial of choice, because it is indicated for both selective 
removal and partial pulpotomy. Biodentine® (Septodont) 
exhibits similar clinical outcomes to MTA for a full pulpo-
tomy procedure, but with less discolouration (Abuelniel 
et al.,  2020). Questionnaire-based research has high-
lighted that adoption of hydraulic calcium silicate materi-
als for VPT procedures is poor in general dental practice, 

as a result of high cost and lack of training in its use (Chin 
et al., 2016). Implementing educational initiatives to en-
courage more widespread use would be advantageous, as 
these materials have been shown to produce a more pre-
dictable outcome compared with traditional materials, 
such as calcium hydroxide (Chin et al., 2016).

The preclinical laboratory session in this study had a 
positive impact on the participants in terms of a reduction 
in their anxiety and stress levels, as well as improved con-
fidence. In addition, the experimental and control groups 
demonstrated statistically significant differences within 
the experimental group from T1 to T2. This underlines 
one of the advantages of a practical laboratory session 
over a didactic lecture, or demonstration that has been 
highlighted with other medical, or dental studies, where a 
significant increase in confidence in their technical skills 
was observed after hand-on courses (Buerkle et al., 2013; 
López-Cabrera et al., 2017).

Although the preclinical laboratory session was effec-
tive in reassuring students, the lack of knowledge acquisi-
tion was surprising and disappointing, with no significant 
difference in knowledge level between the experimental 
and control groups at T2, despite a significant increase 
in knowledge in the experimental group between T1 
and T2. A potential explanation is that previous research 
has shown the impact of laboratory sessions on theoret-
ical knowledge to be uncertain, with one study investi-
gating dental anaesthesia simulation indicating that the 
hands-on session did not significantly improve students in 
theoretical knowledge (López-Cabrera et al., 2017), while 
another showed significant knowledge acquisition in the 
laboratory simulation group (Marei & Al-Jandan, 2013).

In the current study at T1, the groups based in TCD 
had a lower level of knowledge, and a significantly higher 
anxiety and stress level, than the equivalent groups from 
Brest. The reasons for baseline differences in knowledge 
are unclear and may be multifactorial. It can be speculated 
that due to different working habits, cultural differences, 
variations in the structure and organization of the aca-
demic curriculum, potentially different assessment meth-
ods at the end of the term, or the fact that all TCD students 
were in the second year, while some students were in 
the third year in BDU, that these variations were noted. 
Although baseline knowledge was lower in Dublin, there 
was a significant increase in knowledge from T1 to T2 in 
the experimental group, in contrast to Brest. Irish students 
appeared to consider the preclinical laboratory session to 
be more useful for knowledge acquisition.

Students who were generally anxious (STAI-T ≥ 47), 
reported significantly greater anxiety (STAI-S) and stress, 
but less confidence at T1 with regard to the operative 
management of deep caries, as may be expected. Female 
students generally exhibited more anxiety and more stress 
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at T1 than male students, which concurs with previously 
reported gender differences (Dyrbye et al.,  2006; Pau 
et al., 2007). It should be noted; however, that while gen-
eral anxiety (STAI-T) and gender influenced the level of 
stress and anxiety at T1, they had no significant influence 
on the variation of the main parameters from T1 to T2, in 
the experimental group.

Finally, the overwhelming majority of the students 
were very satisfied with the preclinical laboratory train-
ing session. It was noted by the teachers that the teach-
ing model may also be useful for general training in caries 
management, rather than just selective removal training, 
due to the lack of caries removal available in the preclinical 
laboratory sessions in both institutions. Despite instruc-
tion to the contrary, a cohort of the students proceeded to 
remove caries from the pulpal aspect of the cavity before 
removing superficial caries from the periphery of the cav-
ity under the unsupported enamel. This approach led to 
inadvertent pulpal exposure in the selective removal as-
pect of the study and highlighted a lack of training in the 
manner in which to remove caries.

A limitation of this study is that the students were not 
blinded regarding the group they belonged to (as it was not 
possible to do so), which could influence their response to 
post intervention questionnaires and induce a reporting 
bias in the assessment of outcomes. Furthermore, the con-
fidence questionnaire used was developed specifically for 
this study but was not previously validated before its use 
in the study. Another limitation of the study is that the 
opportunity to assess the development of clinical compe-
tency was not considered within this body of work. This 
was done principally due to lack of time in the curricu-
lum, as the laboratory training would have to be repeated 
at least once and perhaps supplemented with another 
hands-on exercise with selective removal and pulpotomy. 
A second session would facilitate measurement of the 
progression of the experimental group between the first 
and the second training as well as a mechanism to com-
pare the skills of the experimental group with those of 
the control group at the time of the second experimental 
group exercise. Another feature, which could in the future 
strengthen the training would be to record the session or to 
prepare a dedicated video and allow the students to watch 
the video for both techniques (selective removal and par-
tial pulpotomy) in their own time. These videos could be 
shown not only during the lab, but also could be accessible 
to the students in their own time, a feature often requested 
by students in educational feedback on endodontic teach-
ing (Chevalier et al., 2021; Inquimbert et al., 2019). The 
combination of a laboratory session and accompanying 
video was previously highlighted as an efficient way of im-
proving students' didactic knowledge, clinical skills and 
confidence in medical education (Clark et al., 2014; Fradet 

et al., 2020). Finally, the students did not routinely avail 
of magnification during the study, which is contrary to 
the recommendations for partial pulpotomy (ESE, 2019); 
however, it was considered that this was logistically too 
difficult to facilitate for all the participants many of which 
did not possess their own loupes.

CONCLUSION

The addition of a laboratory session using 3D-printed teeth 
that simulated deep caries and pulp exposure manage-
ment, significantly reduced the stress and anxiety of stu-
dents and also significantly increased their confidence. No 
significant improvement in theoretical knowledge could 
be demonstrated between the experimental and the con-
trol groups, despite a significant improvement of knowl-
edge in the experimental group over the course of the 
study. Gender and anxiety STAI-Trait had no influence on 
the impact of this session, in terms of stress, anxiety, con-
fidence or knowledge, while the university location had a 
significant influence on knowledge improvement. In both 
universities, students stated that they enjoyed the new 
laboratory session and they would like to benefit from 
other sessions employing this type of technology.
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