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SUMMARY

Introduction/Objective The aim of the study was to assess the knowledge and attitudes of dental stu-
dents and young dentists towards caries management and principles of minimum intervention cariology.
Methods Students filled in the online questionnaire that included: 1) attitudes and knowledge about the
use of caries risk (CR) assessment tools in clinical practice; 2) treatment plans in clinical case scenarios of
smooth surface and occlusal caries in relation to CR; 3) impact of different diagnostic procedures on the
management of dentin caries, tooth preparation and preferred restoration techniques and materials.
Results The majority of students thought that CR should influence the treatment plan. Oral hygiene was
considered the most important CR factor. More invasive treatment was chosen in high CR patients. The
most important criterion for caries removal was dentin hardness. The majority of students would com-
pletely remove soft dentine in deep caries lesions, either in one-step or two-step preparation technique.
Composite was the most frequently selected restorative material.

Conclusion Conventional approach to caries management is still widely accepted among students and
young dentists. Their knowledge of minimum intervention dentistry is limited. Periodic assessment of
implemented curriculum and teachers’ calibration could serve as resources for improving the teaching

process.
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INTRODUCTION

Operative treatment of dental caries tradition-
ally involved removal of all infected tissues and
their replacement with a restoration [1]. For
many decades, teaching operative dentistry was
based on demonstrating techniques for com-
plete caries removal. The most recent under-
standing of caries pathophysiology, advance-
ment in the field of remineralization agents,
and the accessibility to adhesive materials,
changed the conventional caries management
towards minimum intervention (MI) oral care
[2]. However, many dental practitioners con-
sider MI procedures as temporary aid in caries
treatment [3, 4].

School of Dental Medicine of the University
of Belgrade is the oldest dental school in the
Western Balkans region. The Curriculum in
Cariology for undergraduate students shares
similar learning outcomes with European
Core Curriculum in Cariology [5]. Students
are introduced to the fundamental mecha-
nisms of dental caries in pre-clinical courses,
such as General and Oral Biochemistry, and
Microbiology and Immunology. As students
progress to the final undergraduate year, they
gain knowledge about various aspects of car-
ies prevention and management. Theory and

practice are integrated into the course of
Preventive Dentistry, Restorative Odontology,
Pediatric Dentistry, Public Health, and elective
courses. The courses are designed to equip stu-
dents with knowledge on both traditional and
contemporary aspects of delivering oral health
care. Curriculum sets general learning objec-
tives, but the presentation of information, ex-
pertise, and resources may vary among faculty
members. This variation can be either benefi-
cial or counterproductive for future graduates.
Understanding MI can be complex and over-
whelming for students, especially at the begin-
ning of their education.

The aim of the study was to assess the
knowledge and attitudes of dental students and
young dentists towards caries management and
principles of MI cariology.

METHODS

The study was conducted in accordance with
the guidelines of the Declaration of Helsinki
and approved by the Ethics Committee (docu-
ment 36/10). The following groups of under-
graduate students were invited to fill in the on-
line questionnaire: fourth-year students who
completed the Preventive Dentistry course and
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participated in the clinical course of Restorative Dentistry;
tifth-year students who passed Restorative Dentistry and
were currently practicing Pediatric Dentistry, and sixth-
year students who finished the aforementioned courses.
Additionally, students enrolled in the internship program
were invited to participate in survey.

The questionnaire was based on the ones previously
used to evaluate attitudes towards caries risk (CR) assess-
ment (CRA) [6, 7], enamel [6, 7], and dentin [8] caries
treatment, and cavity restoration [9]. Two bilingual re-
searchers experienced in conducting surveys translated
the selected questions from the aforementioned question-
naires from English to Serbian. An independent bilingual
researcher conducted the back-translation to English with
only a few discrepancies. Research team reviewed trans-
lations and reached consensus on the final version. The
questionnaire was pilot-tested by 45 undergraduate stu-
dents (15 students from each study year). Students com-
pleted the questionnaire, provided their feedback, and
confirmed understanding of all the questions.

Besides demographics, the questionnaire included three
parts. Questions in the first part were related to attitudes
and knowledge about the use of CRA in clinical practice,
and the impact of different CR factors. The second part
analyzed the choice of caries treatment for smooth and
occlusal surfaces according to CR in clinical case scenarios.
The third part aimed to assess students' understanding of
how different diagnostic procedures influence dentin caries
treatment, their attitudes towards caries removal criteria
and methods, and preferred cavity restoration techniques.

Students were invited through the website of the
Belgrade School of Dental Medicine, and social media.
Google Forms was used as the platform to create the on-
line questionnaire and collect data. E-mail verification was
used to prevent the multiple participation. In a short note
preceding the questionnaire, students were informed on the
research purpose, and that their participation was voluntary
and anonymous. Completing the questionnaire and submit-
ting of the answers were considered to be the consent to
participate in the survey. Students were allowed to select
multiple answers and write explanations to further clarify
their opinions. The survey was opened for six weeks.

Statistical analysis was performed using IBM SPSS
Statistics 20.0 (IBM, Armonk, N.Y., USA). Data were first
descriptively analyzed. The groups were compared us-
ing Fisher’s exact test, with statistical significance set at
p < 0.05. In order to account for multiple comparisons,
the Bonferroni correction was applied, and statistical sig-
nificance was determined using a Bonferroni-corrected
significance level.

The article was written in accordance with the ethical
standards of the institutions and the journal.

RESULTS
A total of 221 questionnaires were completed resulting in
an average response rate of 41%. Specifically, 35% of the

fourth-year, 32% of the fifth-year, 48% of the sixth-year
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undergraduate students, and 64% of graduate students
participated.

Caries risk assessment

Most of the participants (96%) believed that a patient’s CR
should influence the treatment plan, but only 41% per-
formed the CRA in their clinical practice (Table 1). The
CRA was not consistently implemented because teaching
staff did not enforce it (39%). Some students lacked the
knowledge of how to perform CRA (21%), while others
did not have time to do it (21%), and 11% considered the
CRA unnecessary. Oral hygiene, patient’s motivation and
diet were considered to be the top three factors for deter-
mining CR.

Table 1. Attitudes towards caries risk assessment

Varizble students | students | stucents | P05 | Tovl
Do you perform CRA?

Yes (%) 30 46 43 44 | 4
No (%) 70 54 57 56 59
Should CRA influence the treatment plan?

Yes (%) 95 98 97 97 97
No (%) 5 2 3 3 3
How well are you informed about CRA?

Well (%) 23 37 25 9 25
Partially (%) 36 22 23 38 | 28
Insufficiently (%) 41 41 52 53 47

CRA - caries risk assessment;
DDS - doctors of dental surgery

Enamel caries

Selected options for the treatment of smooth and occlusal
surfaces are presented in Table 2.

For the white spot lesion, students chose more invasive
treatment for high CR compared to low CR patients. No
differences in the selected treatment options were found
between undergraduate students of different study years
(except for obvious cavity in high CR patients), between
students and young dentists, or between male and female
students.

The upward trend in selecting more invasive treatment
for occlusal caries was noticed in both low and high CR
patients. A small number of students stated that they would
need additional diagnostic tools in the decision-making
process.

Dentin caries

A thorough anamnesis was considered crucial for the
proper diagnosis of dentin caries, followed by radiographic
findings and vitality testing.

Seventy-six percent of respondents would perform
tooth preparation using rotary instruments. Rotary in
combination with hand instruments in pulp proximity
were the preferred method of caries removal for 23%,
mainly senior students (Table 3).
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Table 2. Treatment options for enamel lesion according to the caries risk (%)

Low CR High CR
Treatment options g = o o o o

" students | students | students | P05 | ol | Gl | todents | students | 005 | Tota
o 30 24 32 28 29 4 0 4 72 13
REM 64 76 68 72 69.5 53 57 71 28 57
REST 2 - - - 0.5 39 41 25 - 29
NA 4 - - - 1 4 2 - - 1
(0] 7 4 8 3 6 2 - 3 - 1
REM 45 52 63 66 56 12 13 20 9 15
REST 36 39 29 28 33 77 88 74 91 80
NA 12 5 - 3 5 9 2 3 - 4
(0] 2 2 3 - 2 3 - 4 -
REM 7 1 11 16 1 2 2 3 - 2
REST 86 87 83 84 85 86 98 93 100 94
NA 5 - 3 2 9 - - - 2
o 21 19 7 28 17 2 9 1 - 3
REM 20 1 18 9 15 11 7 12 19 1
FS 54 70 75 63 66.5 62 69 62 62 65
REST 2 - - - 0.5 20 15 25 19 20
NA 3 - - - 1 5 - - - 1
(6} 12.5 1 14 22 14 - 6 - - 1
REM 1 7 12 9 10 7 9 5 9
FS 32 52 34 53 41 25 26 6 22 18
REST 32 26 39 16 31 57 59 89 69 71
NA 125 4 1 - 4 11 - - - 3
(0] 9 1 - 13 4 - - 1
REM 7 4 9 6 7 3 2 2.5 6 3
FS 27 20 16 31 22 9 7 2.5 3 5
REST 52 65 72 50 62 77 87 95 91 88
NA 5 - 2 - 2 1 - - - 3
(0] 2 25 - 2 3 - - - 1
REM 2 2 2.5 - 2 2 - 2.5 - 1
FS 7 2 2.5 3 4 2 - - - 0.5
REST 85 94 92.5 94 91 920 100 95 100 | 955
NA 3 - - 3 1 3 - 2.5 - 2

CR - caries risk; O — observation; REM - remineralization; FS - fissure sealing; REST - restoration; NA - do not know; DDS - doctors of dental surgery;

2p = 0.000 (Fisher’s exact test) between low and high caries risk;

bp < 0.0125 (Fisher’s exact test, Bonferroni-corrected p-value) for the treatment choice in high caries risk patients among students of different study years;
°p < 0.0125 (Fisher’s exact test, Bonferroni-corrected p-value) between low and high caries risk;

9p < 0.0125 (Fisher’s exact test, Bonferroni-corrected p-value) for the treatment choice in low caries risk patients among students of different study years

Dentin hardness was reported as the most important
criterion for assessing the endpoint of caries removal. Even

7days [ '+

in deep cavities, the vast majority (99%) would excavate 7-14days [N 1o
all softened dentin, and finished the preparation in either 2 weeks [N o>
leathery or hard dentin. Half of the respondents did not 3weeks [
consider the color of dentin a relevant criterion. Eighty- P—

one percent of students believed that all microorganisms
should be removed from the cavity, otherwise caries might O
progress (Table 3). Senior students tended to prefer conser- 6-sweeks [NNNNNRNEBRED ;s :
vative treatment compared to their younger peers. sweeks [ 3

Treatment choices for clinical scenario involving an as-
ymptomatic tooth with dentin caries were usually removal
into leathery or hard dentin (Table 3). In deep asymptom-
atic caries lesions, 86% of students opted for complete car- | unusable answer | NN 1o
ies removal. Stepwise excavation was the preferred option
for incomplete dentin removal (Table 4).

Students were indecisive when choosing calcium hy-
droxide treatment duration for deep caries (Figure 1).

3 months I 0.5%

6 months I 0.5%

Figure 1. Duration of calcium hydroxide treatment
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Table 3. Attitudes towards caries excavation (%)
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DISCUSSION

. 4th-year | 5th-year | 6th-year

Variable DDS | Total . .

students | students | students The field of MI dentistry and advancements
Preferred caries removal method® in biomaterials have been continuously ex-
Rotary instruments 87 80 67 76 panding. It is important for undergraduate
Hand instruments 4 - ! ! dental students to be exposed to and gain
Combination K 20 32 23 experience with new technologies and tech-
Hardness. niques. However, many professionals and
Soft dentin should be removed o8 100 o7 986 dental educators resist successful implemen-
I;:;tgfx dentin should be 2 - - 04 tation of MI across the oral healthcare sector.
rrelevant i i 3 ] Students’ answers might reflect the way they
Color® were educated.
Normal dentin 75 28 36 44 There was no consensus among students
Stained dentin 5 7 6 5 regarding caries diagnostics, non-restorative
Irrelevant 23 65 58 51 and restorative management. Often, students
Microorganisms¢ are overwhelmed with information and faced
All bacteria need to be removed with numerous possibilities, yet they lack the

R X . ! 95 89 71 81 . . .
otherwise caries might progress specific tools needed to define the appropri-
Some bacteria may be left beneath 5 9 o8 18 ate approach to caries management. Various
a tightly sealed restoration methodological P ; 1
ethodological tactics, instructional strate-

Depends on restorative strategy - 2 1 1

gies, practical applications, and teachers’ at-

Carious dentin¢

titudes could potentially lead to confusion or

Carious dentin should always be
removed completely, otherwise it 84 65 52
might influence the pulp vitality

overconfidence among students. The insecuri-
ties often become apparent during final exams

68

Carious dentin in close proximity

and later in graduate programs.
29 Individual treatment plan should rely on

to the pulp should be left to avoid 14 30 46
pulp exposure
Depends on restorative strategy 2 5 2 3

the patient’s CR. Dentists must be able to

identify the components of the disease and

Border of the preparation®

create appropriate treatment plan. General
dentists usually perform CRA, but often
12 without specific forms and clear rules [6, 7,
10]. The present study revealed that students
felt insufficiently informed about CRA. The

70 41 29

CR factors and assessment methods are taught
meticulously in the course of Preventive
Dentistry during the second study year. It
seems that CRA demonstration and practice

46

21 42 52

are neglected during the fourth study year in
the Restorative Dentistry course. In the fifth
38 study year, CRA is presented as obligatory
during clinical practice in Pediatric Dentistry.

More tissue should be removed
(all dentin with changed color)

The inconsistencies in the educational process
1 limit students’ ability to determine the correct

Cannot decide without probing 2 4 5

3 approach. Students are left uncertain whether

DDS - doctors of dental surgery;

p < 0.0125 (Fisher’s exact test, Bonferroni-corrected p-value) between students of different study years;

bp = 0.000 (Fisher’s exact test) between students of different study years;
°p < 0.001 (Fisher’s exact test) between students of different study years

Glass-ionomer (47%) and zinc phosphate cement (44%)
were usually chosen as temporary restorations.

Most students would opt to place a liner/base under a
permanent restoration of deep cavity. Composite was the
most frequently selected material for permanent restora-
tion (Table 4).

DOI: https://doi.org/10.2298/SARH241018087P

CRA is a necessity in the diagnostic process or
just an occasionally employed tool. Similarly,
French students expressed confusion regard-
ing the necessity of CRA [11]. Some stated
that CRA was not adequately demonstrated (31%), while
others admitted having insufficient knowledge (23.5%).
CRA was not important for 11% of Serbian students and
for 2% of their French peers. Serbian and French students
agreed on the hierarchy of CRA factors. Nasseripour et al.
[12] highlighted the importance of addressing the lack of
knowledge and motivation to perform the CRA not only
among students but, more importantly, also among educa-
tors in the future cariology curricula.

Early intervention was more likely to be chosen in
patients with high CR. Although non-invasive caries

Srp Arh Celok Lek. 2024 Nov-Dec;152(11-12):555-561
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Table 4. Restoration of a deep caries lesion (%)

proximity of pulp among French students,

. 4th-year | 5th-year | 6th-year who also chose chemo-mechanical caries re-

Variable DDS | Total .
students | students | students moval and polymer/ceramic burs. Although

Restoration of deep caries lesion® dental professionals in Serbia are familiar
complete removal of carious with novel cavity preparation techniques, they
dentine + temporary restoration + 53 31 38 34 | 40 d inel h Limited ilabili
definitive restoration in next visit 0 not I'Ollt.lne y U'Se t e.rn. .1m1te a.wal abili-
complete removal of carious w 46 o w0 | a6 ty and relatively high price hinder widespread
dentine + definitive restoration implementation of these methods.
partial removal to soft dentine + In the present study, dentin hardness was
temporary restoration + definitive 1 17 5 16 | 11 accentuated as the most important criterion
restoration in next visit .

- - for caries removal. When students analyzed
partial removal to soft dentine + 5 6 1 . 5 . . i .
definitive restoration the clinical scenario of a deep caries lesion,
depends on a case scenario R _ 3 _ 1 the majority selected the picture that reflected
Materials for indirect pulp capping to either ‘firmy’ or ‘leathery’ dentin. As shown
Ca(OH )-based liner 73 70 72 66 | 71 in literature, the majority of dental practi-
MTA 22 26 23 28 | 24 tioners preferred removal of all soft dentine,
Biodentine 5 4 4 6 | 45 either in the one-step or two-step preparation
No liner - - 1 - |05 technique [18, 19]. Growing evidence sup-
Materials for permanent restoration®* port selective caries removal to soft dentine in
GIC 37 17 18 6 | 21 deep cavities, in order to protect pulpal health
Composite 30 78 69 53 | 59 [20]. However, many dentists are reluctant to
“Sandwich” technique 29 5 13 35| 18 perform such treatment and leave caries be-
Amalgam 4 - - 6 | 2 hind [18].

GIC - glass-ionomer cement, MTA — mineral trioxide aggregate;

2p < 0.0167 (Fisher’s exact test, Bonferroni-corrected p-value) between students of different

study years;
bp = 0.000 (Fisher’s exact test) between students of different study years;

°p < 0.0167 (Fisher’s exact test, Bonferroni-corrected p-value) between undergraduate and

postgraduate students

management is recommended for non-cavitated smooth
surface lesions [13], one third of students would perform
invasive treatment in high-CR patients. This finding might
provoke two possible explanations. The first one suggests a
lack of knowledge about caries development, and the con-
cept of non-invasive caries management. The second is that
students might be uncertain about their knowledge and
experience with non-invasive procedures, so they chose
“safer” invasive treatment to avoid errors.

Recent literature suggests that resin infiltration might
be a suitable option for esthetically concealing white spot
lesions with a greater masking effect than remineralization
techniques [14]. It is only recently that the resin infiltration
technique has become a part of the cariology curriculum at
the Belgrade School of Dental Medicine. For that reason, it
was not offered as an option for the smooth surface treat-
ment in the questionnaire.

For “suspicious” non-cavitated fissures that could have
benefit from fissure sealing [13], the majority of students
chose restorative treatment. Booth et al. [15] reported
that high CR led to early restorative intervention of non-
cavitated occlusal lesions. Similarly, French students tend
to perform operative treatment for “suspicious” occlusal
surfaces [16], due to the fear of existing caries progression
under the sealant [11].

The most often selected cavity preparation technique
was rotary instruments. Senior undergraduate students
were in favor of a less invasive approach to caries removal
in comparison to the younger ones. Gasqui et al. [17]
reported frequent use of hand instruments in the close

Srp Arh Celok Lek. 2024 Nov-Dec;152(11-12):555-561

Dentin color and moisture are recognized
as additional clinical judgment criteria for
caries removal [20]. The color was not signifi-
cant for caries removal (51% of respondents).
Conversely, 44% of students would perform
a cavity preparation to reach dentin with
‘normal’ color. Similar results were reported in a group of
French students [17]. Although the concept of extensive
cavity preparation to remove bacteria is outdated [20], 81%
of students believe that all cariogenic microorganisms need
to be removed. The same attitude was present in 39% of
French students [17].

Students demonstrated a lack of understanding for the
management of deep caries lesions, in relation to the dura-
tion of treatment with calcium hydroxide. The source of
their misconception could be that they learn from teachers
who have different opinions on the subject. As shown in
previous studies [9, 21], most of students would choose
to place the liner material under permanent restoration,
probably due to the traditional belief that pulp should be
protected in order to heal after exposure to cariogenic
agents [9].

Composite material was the most popular choice for re-
storing deep cavity lesions, which is consistent with previ-
ous findings [22]. The adequate restoration material should
seal the lesion, and resist fracture. Bonding of composite
material to caries-affected dentine, which has reduced
mineral content, increased porosity and altered collagen
structure, is less successful than to the sound dentine [23].
This could lead to the fracturing of the restoration. New
generations of glass-ionomer and glass-hybrid cements
may be able to tightly seal dentine, while providing the
necessary strength for the restoration [24]. It seems that
students should be more informed about advantages and
limits of contemporary restorative materials.

www.srpskiarhiv.rs
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The potential limitation of the present study could be
the response rate. However, the proper response rate for
online surveys in the research papers has not been de-
termined yet, and average online survey response rate in
education-related fields is 44.1% [25]. Additionally, the
survey was conducted in one dental school. Nevertheless,
School of Dental Medicine in Belgrade is the largest school
that educates approximately 60% of all dental students in
the country. The present study demonstrates students' un-
derstanding of cariology, but more importantly, it provides
answers to questions regarding the way teachers educate
and communicate. Results provide evidence of variations
in the content being taught with a mixture of modern and
traditional concept. It appears that MI approach has not
been adequately translated into clinical teaching. The abil-
ity to adopt the MI philosophy is a learning curve because
it necessitates a change in mindset and perspective, and
seeing beyond simple tooth restoration. The problem of
cariology being taught in separate departments/clinics,
each with its own methodology, has been emphasized in
numerous dental schools worldwide [26]. The results of
this study could help identify gaps in current teaching and
practices and assist in tailoring a new educational process
in the field of cariology.
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CONCLUSION

Conventional approach to caries management is still
widely accepted among students and young dentists. Their
knowledge of MI dentistry is limited. A strong cariology
curriculum and adoption of evidence-based strategies for
the management of dental caries is mandatory in dental ed-
ucation system. Maintaining the high level of caries man-
agement competency of faculty members through active
training and calibration should be a priority in educational
process. Periodic assessment of implemented curriculum
and teachers’ calibration could serve as a resource and tools
for improving the teaching process.
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Pa3nuKe y ycBajatby NPUHLMNA MUHUMA/HE UHTEPBEHLIUjE Y Kapuonoruju mehy

CTYAEHTUMA CTOMaTOIIOI'VIje

Tamapa lMepwuh', bojaH Metposuh?, JoBaH Mapkosuh?, lejan MapkoBuh', EBreHunja Mapkosuh?

'YHuep3utet y beorpapy, Cromatonoluku dakynteT, KnuHnka 3a fieyjy 1 npeBeHTBHY ctomatonorujy, beorpag, Cpbuja;
2YnneepauTet y HoBom Cagy, MeguumHckm dpakyntet, KnuHuka 3a ctomatonorujy Bojsopute, Hosu Cag, Cpbuja;
3YHneep3uTet y beorpagy, Cromatonowwku dakyntet, KnuHuka 3a optoneaujy sunuua, beorpag, Cpbuja

CAMETAK

YBoa/Lwm Linmb papa je 61o ga ce NcnuTajy 3Hare 1 CTaBOBY
CTyAeHaTa 1 Maux JOKTOpa CTOMATONOrje O feyeky Kapu-
jeca n nprHUMNMMa MUHMaITHe HTePBEHLMje Y Kapuonoruju.
MeTope CTyaeHTU Cy NonytaBanu eIeKTPOHCKM YNUTHUK
Koju je 0byxBaTao: 1) cTaBoBe 1 3Hatba O MPOLIEHN pU3MKa 3a
HacTaHak Kapujeca (KP); 2) n36op Tepanuje Kapujeca rnaTkmx
1 OKJy3a/HUX NOBPLUMHA Y 3aBrUcHOCTM of KP; 3) usbop auja-
THOCTUUKMX NpoLieaypa y eyeky Kapujeca AeHTHHa, TEXHMKa
npenapauuje 1 MaTepujana 3a pectaypauujy 3y6a.
Pe3syntatu BehunHa ctygeHata cmatpa ga 6u KP tpebano pa
yTnye Ha nnaH TpetmaHa. OpanHa xurnjeHa je HajsHavajHuju
dakTop KP. Ko naumjeHTaTa ca Bucokum KP 6rpaH je nHBasms-
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HUju NpucTyn. HajBaxHwuju KpuTeprjym 3a yKnarate Kapujeca
je uBpcToha geHTrHa. BehuHa cTyneHaTa cmatpa ga 6v Kog ay-
60KIIX KapujecHUX Nie3mja Tpebano YKIOHUTN caB pa3MeKLIaHu
[eHTUH, 610 jeaHOCeaHCHO MKW ABOCeaHCHO. Hajuelwhe n3a-
6paH pecTaypaT1BHY MaTepujar je KOMMO3WT.

3akimyuak Mebhy cTygeHTMa U Mnagum JOKTOPYIMa CTOMa-
TOMNOrVje joL YBEK je LWMPOKO 3aCTyM/beH KOHBEHLMOHANHN
NpUCTYN neyery Kapujeca. tbuxoBo no3HaBame NpUHLMNA M1-
H/IMaJslHe NHTEPBEHLMje Y KapWOMOrujy je orpaHnyeHo. Y uuby
yHanpebhetba HacTaBHOT NpoLieca, NoTpebHa je neprognyHa
eBanyaLuja KypuKynyma n Kanubpalimja HacTaBHUKa.
KrbyuHe peun: cTygeHTu; 3Hatbe; Kapronoruja; MUHUManHa
VNHTepBeHUja
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