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Introduction and aims: To evaluate knowledge regarding the management of deep carious
lesions and exposed pulps among undergraduate and postgraduate endodontic students from
ten dental institutions across ten countries, and the impact of operator (material, antibiotic
prescription) and patient-related (age, symptoms) factors on their treatment protocols.
Methods: An online questionnaire was distributed to evaluate student knowledge of the
management of deep caries and exposed pulp related to four clinical scenarios. Simple
descriptive statistics were used to describe the data and McNemar tests were employed to
identify significant differences between the scenarios. The P-value was set at 5%.

Results: A total of 435 undergraduates and 139 postgraduates from ten dental schools par-
ticipated in this survey. The final survey included 401 responses from undergraduates and
127 from postgraduates for statistical analysis. When symptoms were present, the major-
ity of undergraduate and postgraduate students preferred non-selective (complete) caries
removal over selective (partial) caries removal in young patients. The majority of postgrad-
uates preferred partial pulpotomy in younger patients and pulpectomy and root canal
treatment (RCT) in older patients. The majority of undergraduates preferred pulpectomy
and RCT in both young/old patients when symptoms were present. The majority of under-
graduates and postgraduates opted for mineral trioxide aggregate and Biodentine, respec-
tively, when treating the exposed pulp. Systemic antibiotics were not recommended by
both undergraduates and postgraduates, regardless of the patient’s age and symptoms.
Conclusion: Among the scenarios surveyed, the majority of undergraduates and postgradu-
ates preferred: a) pulpectomy and RCT for older patients in the presence or absence of
symptoms; b) hydraulic calcium silicate cements as pulp capping material; and c) did not
recommend systemic antibiotics.

Clinical relevance: The majority of students choose non-selective (complete) caries removal
in all cases and if the pulp is exposed, the use of hydraulic calcium silicate cements iwas
the preferred material. Systemic antibiotics are considered unnecessary, irrespective of

the patient’s age and symptoms.
© 2025 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Introduction

Historically, the management of deep caries involved the non-
selective (complete) removal of all carious dentine." However,
in recent times, a significant shift has occurred towards more
minimally invasive biologically-based treatment strategies,’
including selective caries removal in one stage and two stages
(stepwise excavation), as well as direct pulp capping, or partial
and full pulpotomy. The aim of caries removal strategies in
cases with no symptoms or symptoms not greater than those
attributed to reversible pulpitis is to selectively remove caries
in one or two visits, thereby minimising the risk of pulp expo-
sure.” Vital pulp treatments (VPT), which includes pulp cap-
ping, partial pulpotomy and full pulpotomy, have been
advocated to treat teeth with pulp exposure, even in teeth that
have signs and symptoms indicative of irreversible pulpitis.*”
To guide the dental profession, the European Society of Endodon-
tology (ESE)* and the American Association of Endodontists (AAE)®
have published position statements that offer guidance, and
support VPT as an endodontic treatment modality for the man-
agement of cariously-exposed pulps. However, the two state-
ments differ in relation to some of their recommendations.

In order to reduce the risk of pulp exposure, the ESE indi-
cates selective caries-removal strategies (one-stage selective
carious-tissue removal to soft or firm dentin and two-stage

stepwise excavation) in deep carious lesions of asymptomatic
teeth or when the signs and symptoms indicate reversible pul-
pitis." However, the AAE advocates complete (nonselective)
caries removal and the visualisation of the condition of the
pulp under magnification in every case, implying that retain-
ing soft dentin over the pulp compromises the observation of
pulp inflammation levels and areas of potential pulp necrosis.°

Whilst VPT procedures have been advocated by prominent
international organisations such as the ESE and AAE, previous
surveys have shown that the majority of dental practitioners
from France, Germany and the United Kingdom (UK) perform
non-selective excavation of deep caries lesions, whereas most
Norwegian dentists choose selective removal in two stages
(stepwise excavation).”® The authors of these studies con-
cluded that there was an imperative need to educate dentists
about less invasive techniques. An international survey span-
ning 16 countries also reported that non-selective caries
removal was preferred by dentists over selective caries
removal.” A survey of dental practitioners in Wales revealed
that whilst high numbers of hospital-based practitioners
undertook VPT procedures for managing cariously-exposed
pulps, general dental practitioners reported a lack of training
and material costs as barriers to adopting such minimally
invasive endodontic treatment.’® A separate survey of the
members of two European endodontic societies also
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investigated the management of pulp exposures, which
revealed a lack of consensus regarding the ideal strategy for
managing the exposed pulp and the preferred pulp capping
material for VPT.'* In summary, various questionnaire-based
studies from a range of countries have shown a lack of consen-
sus on managing teeth with deep caries lesions and pulp expo-
sures.”*?

The lack of consensus regarding both caries removal strat-
egies and limited use of VPT amongst dental practitioners
internationally may be related to the curriculum followed at
dental schools. Given the advancements and recent recom-
mendations made by global organisations™® in relation to
minimally invasive techniques for managing deep carious
lesions and exposed pulps, it is critical to evaluate dental
students’ knowledge of these techniques from a broader per-
spective as teaching philosophies regarding caries removal
and VPT may differ across countries.

The primary objective of this survey was to evaluate the
level of understanding regarding the treatment of deep cari-
ous lesions and exposed pulps among final-year dental
undergraduate students and postgraduate endodontic stu-
dents from ten dental institutions across ten countries. The
secondary objective was to investigate the impact of operator
(material, antibiotic prescription) and patient-related (age,
symptoms) factors on the protocols used by students from
the ten dental schools in relation to the treatment of teeth
with deep carious lesions and exposed pulps.

Methods
Survey population

This survey included final-year undergraduate and postgrad-
uate students (all years) in the field of endodontics at ten den-
tal schools located in ten countries. In this survey, the term
"undergraduate students" was employed to encompass all
individuals pursuing a degree in general dentistry. Such stu-
dents may already hold an undergraduate degree in another
discipline and they are pursuing dentistry as graduate-entry
students in some countries or universities.

Ethical approval

The a priori protocol of this survey was obtained from the
research ethics committee of the University of Sharjah (REC-
22-11-29-01-F).

Dental schools’ selection and ethical clearance

The project leader (VN) distributed an information sheet
outlining the details of the project to one faculty member
from each dental school via email to obtain their willingness
to take part in the survey by distributing it to undergraduate
and postgraduate students in their respective dental
schools. Ten dental schools from different countries were
selected based on geographical diversity and in order to
obtain as broad a representation as possible. However, for

consistency, if a dental school did not train postgraduate
endodontic students, then that school was excluded from
participation in the overall study. After obtaining the agree-
ment of faculty members from participating schools, ethical
clearance was obtained locally from each institution (Sup-
plementary Table 1).

Questionnaire

The Questionnaire was validated by six experts and piloted by
42 endodontic postgraduate students. The details of the vali-
dation and piloting process are provided in Supplementary
Table 2. The finalised questionnaire had two sections (Sup-
plementary Table 3):

Section A: General information about the participants.

Section B: This section included four case scenarios based
on female patients presenting with deep caries in the man-
dibular first molar, with an intra-oral periapical radiograph
and five multiple-choice questions for each case. The cases
were of similar radiographic presentation (all inner % of den-
tine), but differed in terms of the nature of the symptoms and
the patient’s age.

Survey process

After completion of the pilot study, the project leader (VN)
finalised the online version of the questionnaire, which was
subsequently distributed to the project co-leader (HD) and co-
investigators (VY, NS) via email, Telegram and WhatsApp
through a test link to verify the accurate display of the ques-
tions. Once confirmation was obtained, the project leader
(VN) sent the details of the survey and requested the faculty
members to disseminate it to all of their dental students who
were eligible to take part in the study. The survey was con-
ducted from March to May 2024. The students were duly
informed that their involvement in the survey was not man-
datory, that it would be anonymous, and that declining to
participate or withdrawing from the survey would not affect
their academic advancement or clinical progress. In an
attempt to improve the response rate, several periodic
reminders were sent to the student participants via email,
Telegram, and WhatsApp, requesting that they complete the
survey.

Statistical analysis

The data were entered and analyzed statistically using SPSS
software (Version 27.0, IBM Corp., USA). Simple descriptive
statistics was used predominantly to describe the data. Addi-
tionally, McNemar’s test was used to analyze paired categori-
cal data, assessing significant changes in treatment choices
between two related samples. A P-value of 0.05 was consid-
ered statistically significant, indicating a notable shift in pref-
erences between scenarios that differed in terms of the tooth
in question, the nature of the symptoms, and the patient’s
age.



4 NAGENDRABABU ET AL.

Table 1 - The total number of responses received from the 10 dental schools

No. Dental School,

Undergraduate students

Postgraduate students — Endodontics

University, Country Total number of

students (n)

Total number of
responses received
n(%)

Total number of
students (n)

Total number of
responses received
n(%)

1 UWA Dental School, The 54
University of Western
Australia, Australia

2 Faculty of Dentistry, 59
University of British
Columbia, Canada

3 Meenakshi Ammal Den- 92
tal College and Hospi-
tal, Meenakshi
Academy of Higher
Education and
Research, India

4 School of Dental Medi- 176
cine, University of Bel-
grade, Serbia

5 Faculty of Dentistry, 73
National University of
Singapore, Singapore

6 School of Dentistry, 74
Complutense Univer-
sity, Spain

7 Faculty of Dentistry, 100
Yeditepe University,
Turkey

8 College of Dentistry, 198
Ajman University,
United Arab Emirates

9 School of Dentistry, Car- 66
diff University, United
Kingdom

10 School of Dental Medi- 181
cine, University of
Pennsylvania, United
States of America

Total 1073

8 (14.81)

4 (100)

26 (44.06) 9

91 (98.91) 18

68 (38.63) 33

23 (31.50) 11

35 (47.29) 18

92 (92.00) 17

32 (16.16) 15

24 (36.36) 11

36 (19.88) 16

435 (40.54) 152

8(88.8)

18 (100)

33 (100)

11 (100)

17 (94.4)

16 (94.11)

7 (46.66)

11 (100)

14 (87.5)

139 (91.44)

Results
Response rate

Table 1 presents the total number of students and responses
obtained from the ten dental schools. The survey was com-
pleted by 435 undergraduates and 139 postgraduate students,
out of a total of 1073 undergraduate and 152 postgraduate stu-
dents who were eligible to participate, that is, 41% of under-
graduates and 91% of postgraduates.

Basic information

Table 2 provides the demographic information for undergrad-
uate and postgraduate students within the ten schools. The
mean ages of UGs and PGs were 24.3 and 30.3 years, respec-
tively. There were 298 females and 137 male undergraduates
who participated in the survey, while 86 females and 53 male
postgraduates participated.

Overall, 91% of both undergraduate students and post-
graduate students were aware of the existence of guidelines

or position statements specifically created for deep caries and
exposed pulp. Seventy-six percent of the surveyed under-
graduate students and 95% of the postgraduate students had
treated teeth with deep caries lesions and an exposed pulp
within the last 12 months. Eighty-six percent of the postgrad-
uates were enrolled in a full-time course of which the major-
ity were 3-year program.

Responses provided by undergraduate and postgraduate
students for the 4 case scenarios

The overall responses provided by undergraduate and post-
graduate students for the four case-based scenarios are pre-
sented in Table 3. A small number of responses were
excluded (Undergraduates: USA- 8 and Canada- 26; Postgrad-
uates: USA- 4 and Canada- 8) from the analysis as a result of
data errors or missing data discovered during the processing
stage. Therefore, the final survey included 401 responses
from undergraduates and 127 from postgraduates for analysis
from nine dental schools.



KNOWLEDGE OF STUDENTS ABOUT DEEP CARIES AND EXPOSED PULPS 5

Table 2 - Demographic data of the undergraduate and postgraduate students who participated in the survey

No. Dental school, Undergraduate (UG)/

Age (years) Gender Number of teeth treated

University, Country Post graduate (PG)

Mean Standard deviation Female Male Mean Standard deviation

1 UWA Dental School, The uG 25.38
University of Western PG 35.00
Australia, Australia

2 Faculty of Dentistry, Uni- uG 29.92
versity of British Colum- PG 32.75
bia, Canada

3 Meenakshi Ammal Dental UG 21.63
College and Hospital, PG 26.11
Meenakshi Academy of
Higher Education and
Research, India

4 School of Dental Medicine, UG 25.04
University of Belgrade, PG 33.30
Serbia

5 Faculty of Dentistry, uG 23.17
National University of PG 29.09
Singapore, Singapore

6 School of Dentistry, Com- uG 23.77
plutense University, PG 28.76
Spain

7 Faculty of Dentistry, Yedi- UG 24.10
tepe University, Turkey PG 27.63

8 College of Dentistry, Ajman UG 22.53
University, United Arab PG 33.14
Emirates

9 School of Dentistry, Cardiff UG 22.83
University, United PG 29.64
Kingdom

10  School of Dental Medicine, UG 30.09
University of Pennsylva- PG 30.64
nia, United States of
America

Over All uG 24.31
PG 30.28

3.02 5 3 7.13 17.33
6.06 1 3 22 22.35
4.48 15 11 5.65 5.99
4.86 4 4 12.5 17.93
0.96 68 23 1.77 1.61
1.32 11 7 20.35 27.88
1.49 49 19 2.09 2.58
5.27 21 12 26.23 41.06
1.07 20 3 1.74 1.45
1.70 5 6 8.45 7.61
2.25 31 4 2.87 3.01
4.93 11 6 28.12  25.27
1.82 54 38 7.09 9.77
2.83 12 4 49.45 33.03
1.61 15 17 3.69 4.55
8.86 4 3 8.00 6.93
0.70 14 10 1.88 1.62
2.46 7 4 3.00 6.05
4.84 27 9 2.17 2.38
3.03 10 4 51.57 41.57
3.41 298 137 3.54 6.01
4.94 86 53 2437 32.64

Selective us nonselective caries removal

The presence or absence of symptoms significantly altered
treatment planning decisions in young patients (case scenar-
ios 1 and 2; P < .001) for both undergraduate and postgraduate
students. In young patients, if symptoms were present (case
scenario 2), most undergraduate and postgraduate students
preferred a non-selective (complete) caries removal tech-
nique compared with selective (partial) caries removal
(Table 3). Conversely, in the absence of symptoms (case sce-
nario 1), the majority of undergraduates preferred selective
(partial) caries removal, whereas postgraduates still preferred
non-selective (complete) caries removal (Table 3).

The presence or absence of symptoms makes no signifi-
cant change to the treatment planning decisions for older
patients (case scenarios 3 and 4) by both undergraduate
(P = .709) and postgraduate (P = .541) students. In older
patients, (case scenarios 3 and 4), if symptoms are present or
absent, the majority of undergraduate and postgraduate stu-
dents preferred a non-selective (complete) caries removal
approach.

For both undergraduate and postgraduate students, there
was a significant difference between treatment plans for youn-
ger (Case 1) and older patients (Case 3) in the absence of

symptoms (P < .001), with more respondents electing to remove
all the caries in older patients compared with younger patients.
However, there was no difference between younger (Case 2)
and older patients (Case 4) if symptoms were present (under-
graduates, P = .12; postgraduates, P = 1.000)).

Pulp capping vs partial pulpotomy vs full coronal pulpotomy
us pulpectomy and root canal treatment

The presence or absence of symptoms significantly altered
treatment planning decisions in young patients (case scenar-
ios 1 and 2) by both undergraduate (P < .001) and postgraduate
(P < .001) students with more invasive treatments preferred.
Pulp capping was preferred less when symptoms were pres-
ent and there was a tendency to perform more pulpectomy
and RCT when symptoms were present in younger patients
(Table 3). However, the presence or absence of symptoms had
no significant effect on the treatment planning decisions for
older patients (case scenarios 3 and 4) by both undergraduate
(P =.051) and postgraduate students (P = .273).

If symptoms were present, most of the undergraduate stu-
dents preferred pulpectomy and RCT for both young and old
patients, whereas most of the postgraduates preferred partial
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Table 3 - Overall response provided by undergraduates and postgraduate students for 4 case scenarios

Scenarios/Questions

Options

Undergraduates (%)

Postgraduates (%)

Scenario 1: A. How would you plan to treat
tooth 46?

Scenario 1: B. If pulp exposure occurred how
would you plan to treat tooth 46?

Scenario 1: C. If pulp capping or pulpotomy
(partial or full) was selected as a treatment,
what material would you choose?

Scenario 1: D. Provide justification for your
answer choice in question C?

Scenario 1: E. Do you use systemic antibiotics
while treating the tooth 46?

Scenario 2: A. How would you plan to treat
tooth 36?

Scenario 2: B. If pulp exposure occurred how
would you plan to treat tooth 36?

Scenario 2: C. If pulp capping or pulpotomy
(partial or full) was selected as a treatment,
what material would you choose?

Scenario 2: D. Provide justification for your
answer choice in question C?

Scenario 2: E. Do you use systemic antibiotics
while treating the tooth 46?

Scenario 3: A. How would you plan to treat
tooth 367

Scenario 3: B. If pulp exposure occurred how
would you plan to treat tooth 36?

Scenario 3: C. If pulp capping or pulpotomy
(partial or full) was selected as a treatment,
what material would you choose?

Non-selective (complete) caries removal

Selective (partial) caries removal in one or 2
stages

Full coronal pulpotomy

Partial Pulpotomy

Pulp Capping

Pulpectomy and root canal treatment

Biodentine

Hard setting calcium hydroxide

Ledermix/Odontopaste

Mineral trioxide aggregate

Non-setting calcium hydroxide

Others

Expense

I have been trained to use it at college/dental
school

I have read about it in the literature

Itis easy to handle

It limits tooth discolouration

Others

No

Yes

Non-selective (complete) caries removal

Selective (partial) caries removal in one or 2
stages

Full coronal pulpotomy

Partial Pulpotomy

Pulp Capping

Pulpectomy and root canal treatment

Biodentine

Hard setting calcium hydroxide

Ledermix/Odontopaste

Mineral trioxide aggregate

Non-setting calcium hydroxide

Others

Expense

I have been trained to use it at college/dental
school

I have read about it in the literature

Itis easy to handle

It limits tooth discolouration

Others

No

Yes

Nonselective (complete) caries removal

Selective (partial) caries removal in one or 2
stages

Full coronal pulpotomy

Partial Pulpotomy

Pulp Capping

Pulpectomy and root canal treatment

Biodentine

Hard setting calcium hydroxide

Ledermix/Odontopaste

Mineral trioxide aggregate

Nonsetting calcium hydroxide

Others

31.67
68.33

6.98
17.71
61.85
13.47
37.16
12.97
1.25
44.89
3.49
0.25
0.50
45.64

41.90
4.99
6.23
0.75
95

5
57.86
42.14

9.73
24.94
29.93
3541
33.67
14.46
2.99
37.91
6.48
4.49
0.50
41.65

44.14
5.49
5.99
2.24
96

51.87
48.13

15.71
19.45
23.19
41.65
33.17
17.46
3.74

36.16
5.74

3.74

55.12
44.88

4.72
28.35
61.42
5.51
67.72
7.87
0
23.62
0.79
0

0
34.65

43.31
7.09
12.60
2.36
96.85
3.15
80.31
19.69

18.11
37.01
18.11
26.77
59.84
3.15
2.36
28.35
1.57
4.72
0.79
36.22

41.73
7.87
7.87
5.51
100.00

76.38
23.62

19.69
20.47
27.56
32.28
60.63
4.72
0.79
25.20
1.57
7.09

(continued)
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Table 3. (Continued)
Scenarios/Questions Options Undergraduates (%)  Postgraduates (%)
Scenario 3: D. Provide justification for your Expenses 1.25 0
answer choice in question C? I have been trained to use it at college/dental 41.40 34.65
school
I have read about it in the literature 42.39 46.46
Itis easy to handle 7.98 8.66
It limits tooth discolouration 5.74 5.51
Others 1.25 4.72
Scenario 3: E. Do you use systemic antibiotics No 98 94.49
while treating the tooth 36? Yes 2 5.51
Scenario 4: A. How would you plan to treat Nonselective (complete) caries removal 53.37 79.53
tooth 46? Selective (partial) caries removal in one or 2 46.63 20.47
stages
Scenario 4: B. If pulp exposure occurred how Full coronal pulpotomy 11.72 20.47
would you plan to treat tooth 46? Partial pulpotomy 17.96 22.05
Pulp Capping 32.17 15.75
Pulpectomy and root canal treatment 38.15 41.73
Scenario 4: C. If pulp capping or pulpotomy Biodentine 35.41 52.76
(partial or full) was selected as a treatment, Hard setting calcium hydroxide 13.47 5.51
what material would you choose? Ledermix/Odontopaste 3.74 2.36
Mineral trioxide aggregate 36.16 26.77
Nonsetting calcium hydroxide 6.73 2.36
Others 4.49 10.24
Scenario 4: D. Provide justification for your Expense 2.00 0.79
answer choice in question C? I have been trained to use it at college/dental 41.90 31.50
school
I have read about it in the literature 41.15 51.18
Itis easy to handle 7.98 3.94
It limits tooth discolouration 5.49 4.72
Others 1.50 7.87
Scenario 4: E. Do you use systemic antibiotics No 96.3 95.28
while treating the tooth 46? Yes 37 4.72

*Analysis includes 401 responses from undergraduates and 127 from postgraduates.

pulpotomy for young patients and pulpectomy and RCT for
older patients with spontaneous pain.

For both undergraduate and postgraduate students, there
was a significant difference between younger and older
patients’ treatment plans in the presence or absence of symp-
toms with more invasive treatments preferred for older
patients.

Material of choice

The majority of undergraduates selected MTA, followed by
Biodentine, as their preferred material of choice, whereas the
majority of postgraduates selected Biodentine, followed by
MTA, as their preferred material for pulp capping or pulpot-
omy (partial or full) procedures (Table 3). For both undergrad-
uates and postgraduates, the most common reasons for
selecting the materials were that they had been "trained to
use them at college" and they "have read about them in the
literature."

Use of antibiotics

More than 94% of undergraduates and postgraduates did not
recommend the use of systemic antibiotics when treating
any of the outlined cases. Among both undergraduate and

postgraduate students, the patient’s age and symptoms did
not alter the prescription of systemic antibiotics.

Discussion

This is the first survey to assess the knowledge and behaviour
of undergraduate and postgraduate students from ten dental
schools across ten countries regarding the management of
deep caries and exposed pulp. The results of this study will
contribute to the assessment of students’ comprehension in
this field, facilitating the development of existing curricula in
this area and improving the standardisation of treatment pro-
tocols for the benefit of patients.

The current survey received a lower response rate from
undergraduate students (41%) compared with their post-
graduate counterparts (91%). A greater awareness of cur-
rent research in this domain amongst postgraduate
students with increased subject-driven motivation and
interest could potentially explain the disparity in response
rates between undergraduate and postgraduate students.*
A recent survey, which aimed to assess the knowledge of
undergraduate and postgraduate students from ten dental
schools across ten countries about the treatment of trau-
matic dental injuries, identified a similar pattern in terms
of responses.™*
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Therapeutic strategies that non-selectively remove caries
in teeth with deep caries and no or mild symptoms have been
labeled as over-treatment and outdated in position state-
ments from cariology groups.'” Furthermore, the ESE sup-
ported this by recommending the avoidance of pulp exposure
using selective caries removal in one or two stages, when the
signs and symptoms were indicative of no more than revers-
ible pulpitis." This recommendation was based on 5-year
randomised controlled trial data for teeth with deep caries
that highlighted superior results for selective removal techni-
ques. **'” Notably, the AAE suggested non-selective removal
of caries in every deep caries case,® a recommendation that
led to calls for consensus and union between leading organi-
sations for dentist and patient benefit.'® When caries removal
techniques are closely compared, the success rate of non-
selective caries removal after 5 years was shown to be 46.3%
in comparison with stepwise caries removal at 60.2%; how-
ever, that paper considered pulp exposure as a failure which
may be misleading."” Avoiding exposure of the pulp by using
less invasive strategies such as a single-stage (partial) or 2-
step caries excavation in asymptomatic teeth with signs and
symptoms indicative of reversible pulpitis has been recom-
mended.” In a recent meta-analysis, among the less invasive
caries excavation methods, single-stage caries removal that
avoids later re-entry, was considered superior to 2-stage step-
wise excavation in terms of clinical outcome at 1.5 years.
However, after 5 years, the treatment outcome with both
techniques was similar.’® Another systematic review argued
in favour of one-stage partial caries excavation over stepwise
excavation, stating the latter needs multiple visits and risks
pulp exposure during re-entry. In the systematic review, the
success rate of partial caries excavation was 1.12 times
greater than stepwise, a finding that was attributed to low
patient compliance at the second visit.”° Notably, the ESE
position statement’ did not recommend selective caries
removal if more severe symptoms, including spontaneous
pain, were present because there is no evidence to support it
given that the only studies available were case reports on
immature teeth.”* This message seemed to have resonated
with the respondents in the current study as symptoms sig-
nificantly changed treatment plans towards non-selective
caries removal approaches.

A retrospective study of different vital pulp treatment
options after carious pulp exposures has shown that there is
no difference between the survival rates of full pulpotomy,
partial pulpotomy and direct pulp capping. However, the out-
come of VPT was associated with factors such as pulp and
periapical status, restoration type and restoration surfaces.”?
Although full pulpotomy has been reported to have a high
success rate after three years in a recent systematic review,”?
pulp capping after carious exposure has recently been
reported to have particularly inferior results after
four years,” potentially due to the lack of removal of superfi-
cially inflamed or infected pulp tissues. A meta-analysis
revealed higher success rates for direct pulp capping with
MTA or Biodentine (84% and 86%) in teeth with carious pulp
exposures compared with that of calcium hydroxide (59%)
over three years follow up.”” Interestingly, until recently no
studies were available that have compared indirect or direct
pulp capping with pulpotomy which probably could be

attributed to the ethical issues in designing a trial with one
arm having non-selective caries removal leading to the risk of
a higher rate of pulp exposures.”® In 2023, one randomised
trial circumvented the ethical issues and investigated selec-
tive caries removal versus pulpotomy for the management of
deep caries.”” Although they noted a 91.4% survival rate at 1-
year, selective caries removal led to more pulpectomies than
pulpotomy.?” According to a clinical trial conducted with a 2-
year follow-up, the success rate of selective caries removal to
soft dentine was higher than that of selective removal to firm
dentine in the treatment of deep carious lesions?®. In another
clinical trial, it was reported that both selective removal to
soft dentine and full pulpotomy had high success rates when
used to treat permanent mandibular molar teeth with deep
carious lesions.”” However, pulpotomy has proven to be an
alternate therapy for RCT in cases of cariously-exposed pulps
with an overall success rate of 85% over 18 months.*° A recent
meta-analysis showed pooled clinical and radiographic suc-
cess rates for pulpotomy were 92.9% and 78.5%, respectively,
and it was concluded that pulpotomy was a viable alternative
to pulpectomy in cases with signs and symptoms indicative
of irreversible pulpitis.>* Within the current study, symptoms
did change the choice of procedure with respondents electing
to remove more pulp tissue when there were symptoms, a
finding that was more pronounced when the patients were
older. This trend is logical as studies investigating VPT for
teeth with signs and symptoms indicative of irreversible pul-
pitis have invariably not used a pulp capping technique,*?
while classic teaching has prescribed RCT for pulp exposures
with signs and symptoms indicative of irreversible pulpitis.*?
These results are in line with Tomson et al. who stated that
pulpotomy is a treatment modality that is as effective as RCT.
The associated meta-analysis revealed no difference in post-
operative pain (Day 7) between RCT and pulpotomy with high
clinical success at year 1 (98%) for both interventions.**

In the current survey, the majority of undergraduates pre-
ferred pulpectomy and RCT for both young and older adults
when symptoms were present. Conversely, the majority of
postgraduates preferred partial pulpotomy for young patients
and pulpectomy and RCT for older patients. There are several
possible explanations for these trends, including the possibil-
ity that undergraduates possess a lower level of understand-
ing of VPT and potentially a lower level of confidence in
performing VPT compared with postgraduates. Alternatively,
it may highlight that recent evidence of VPT techniques has
not yet filtered down to dental curricula yet.

The treatment regimens of younger and older patients dif-
fered significantly for both undergraduate and postgraduate
students. Similarly, a survey conducted by the Irish Endodon-
tic Society and the Accademia Italiana di Endodonzia indi-
cated that the decision-making process was significantly
influenced by the age of the patients."' This is consistent with
another survey among Swedish dentists that studied operator
choice in a variety of scenarios and identified that more inva-
sive options were generally selected for older patients.®”
Notably, however, age has not been shown to a reliable pre-
dictor of outcomes for VPT with similar levels of successes
and failures irrespective of patient age.***

In the current survey, the majority of undergraduate and
postgraduate students stated that they would use a hydraulic
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calcium silicate cement (such as MTA or Biodentine). The most
common reasons for selecting these materials appeared to be
that they had been ‘trained to use them at college’ and
‘students have read about them in the literature’. This shows
that histological®® and clinical evidence® has highlighted the
benefits of hydraulic calcium silicate cements compared with
other materials and that dental schools have integrated the
teaching of hydraulic calcium silicate cements into their under-
graduate and postgraduate curricula. The ESE position state-
ment’ recommends the use of hydraulic calcium silicate
cements for managing teeth with deep caries and pulp expo-
sures. In a study comparing members of two European end-
odontic societies, hydraulic calcium silicate cements, such as
Biodentine and MTA, were frequently chosen as VPT materials,
being the material of choice for 69% of Accademia Italiana di
Endodonzia (AIE) members and 81% of Irish Endodontic Society
members who responded to the survey. However, oddly, youn-
ger members of the AIE preferred calcium hydroxide."" A recent
survey among Greek dentists reported that for pulpotomy, the
most frequently used material was MTA, followed by other bio-
ceramics and calcium hydroxide.*’ In a recent systematic
review, Biodentine compared positively with MTA in terms of
overall clinical success as a DPC material.”

In the current survey, more than 95% of the undergradu-
ates and postgraduates did not recommend the use of sys-
temic antibiotics and interestingly the patient’s age and
symptoms did not alter this recommendation. Similar to
these results, nearly all members of two European endodon-
tic societies indicated that antibiotic use for the treatment of
profound carious lesions and exposed pulps was unneces-
sary.’' The evidence suggests that antibiotics prescribed for
pulp-related pain provide minimum/negligible benefits and
probably contribute to harmful effects such as the develop-
ment of antibiotic resistance.*”

This study included students from 10 different countries,
which could be considered a strength of the study. However,
the study was subject to the following limitations: (1) During
the survey, there may have been variations in students’ knowl-
edge levels across different countries. For example, the aca-
demic year commences in September in the United Arab
Emirates and in January in Australia; (2) the principal investiga-
tors (VN, HD) selected dental schools primarily through per-
sonal contacts in the ten countries, which although practical,
highlights a possible selection bias. A more systematic selection
process in the selection of participating countries could improve
geographic representation; (3) one dental school from each
country was chosen and therefore, it is not realistic to claim
that it precisely represents students throughout each country
and it may lack generalisability in some instances; (4) some
responses were excluded from the analysis due to data errors
or incompleteness. During this process due to a misunderstand-
ing, all the responses from one dental school in Canada were
excluded. Repeating the entire survey, or that particular ques-
tion, may have caused bias and compromised the survey’s
validity; (5) the level of knowledge of students from the different
schools has not been compared in the current survey as there
was a variation in the response rates from the ten schools. The
power and validity of inferential statistics might be influenced
by this variability; (6) The confidentiality of each participating

institution prevented the disclosure of their curriculum details;
(7) the current survey did not attempt to gather all the details
regarding the procedure for managing deep caries and exposed
pulps, such as the size of the exposure and the concentration of
hemostatic solution placed on the pulp exposure site. There-
fore, it is imperative that a future survey be conducted to per-
form an in-depth evaluation of the treatment protocols; (8) The
limitation of any questionnaire survey is having response bias
such as providing socially desirable replies not reflecting the
true opinion of the participant as well as enhancing knowledge
with Al tools or books; and (9) The current survey included post-
graduates only from the endodontic discipline. Future surveys
should involve postgraduates from other disciplines to ensure a
comprehensive approach.

To improve knowledge, confidence and standardisation
among students, the authors of the current survey propose
the following recommendations:

1. The curricula of any dental school should be in accordance
with the evidence-based guidelines that have been devel-
oped within the respective country.

2. It is imperative that each dental school implement an
exercise to establish consistency among faculty members
within their respective fields and across other disciplines,
which in turn ensures that the delivery is consistent.

3. The curriculum must allocate more time to didactic lec-
tures, preclinical and clinical training in deep caries and
exposed pulp.

4. The knowledge and confidence of students would be
enhanced in this area by the inclusion of new online
courses and educational videos in the curriculum.

5. Faculty members should encourage students to attend
national and international conferences, and symposia to
update their knowledge. This can also be part of the curric-
ulum.

Conclusions

e The majority of undergraduates and postgraduates pre-
ferred non-selective (complete) caries removal even in the
absence of symptoms.

e Most undergraduates and postgraduates would choose
pulp capping as the treatment of choice for a young patient
with no symptoms. However, symptoms led to undergrad-
uate students preferring pulpectomy and RCT, while post-
graduates preferred partial pulpotomy. The most
commonly selected option for both undergraduates and
postgraduates was pulpectomy and RCT for older patient’s
for both the presence or absence of symptoms.

e Hydraulic calcium silicate cements are the preferred choice
of the majority of undergraduates and postgraduates.

e The use of systemic antibiotics was not recommended by
the majority of undergraduates and postgraduates.

e Within the limitations of this survey, VPT was a popular
treatment option particularly for young patients. However,
there was considerable disparity in decision-making
between undergraduate and postgraduate students.
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