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Abstract
Background: The aim of this study was to determine restoration thresholds and
restorative treatment decisions of dentists in Türkiye for proximal caries of primary
and immature permanent teeth, to investigate factors associated with these decisions.
Methods: The study was based on the evaluation of a prepared electronic survey.
Participants completed a questionnaire comprising three sections: demographic
information, daily clinical practices, hypothetical clinical case scenarios. The case
scenarios section utilized diagram based on the Espelid classification (Degrees 1–
6, ranging from outer enamel to inner dentine) to assess treatment thresholds and
preferences. The first scenario involved a distal carious lesion on the upper second
premolar of 14-year-old patient, while the second depicted a mesial carious lesion on
the lower second primary molar of 5-year-old patient. The preference for Degrees 1–
3 lesions were evaluated as early intervention. Statistical analysis was performed to
examine the relationship between treatment thresholds, participant characteristics and
clinical practices. Results: Total of 345 respondents participated, including general
dentists (47.8%), pediatric dentists (26.7%), restorative specialists (8.1%), fifth-year
college students (17.4%). In the first scenario, Degree 3 was the most frequently selected
threshold (38.9%), with 59.1% favoring early intervention and 20.2% choosing Degrees
1 and 2. The box-only preparation method was preferred by 65% of respondents.
In the second scenario, Degree 3 remained the most selected threshold, with 55.6%
supporting early intervention and 17.1% opting for enamel-level thresholds. Total of
62.3% preferred the box-only preparation method. Pediatric dentists exhibited higher
rates of early intervention compared to others. Composite materials were predominantly
chosen for permanent teeth, while compomer materials were preferred for primary teeth.
Gender, years of experience, and institution type significantly influenced the choice of
restorative treatment and preparation method. Conclusions: Based on the questionnaire
study, it was concluded that dentists in Türkiye have high tendency to intervene early.
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1. Introduction

The traditional “clean-prepare-fill” paradigm in the manage-
ment of dental caries has been altered with recent develop-
ments in dental adhesives and restorative materials, as well as
better understanding of the demineralization-remineralization
process and the production of remineralization materials. Min-
imally invasive dentistry (MID) has become popular as an
alternative for conventional treatments in current approaches
[1].
“Clinical decision-making” represents a subjective process

that integrates various elements, including the identification
of caries, evaluation of lesion severity, monitoring progres-
sion, assessing caries activity and considering the individual’s

caries risk [2]. Individual factors of both the patient and the
clinician lead to differences in when and how to intervene
and with which restorative material to treat the decayed tooth
[3–5]. There is a consensus that invasive restorations are
indicated for permanent teeth with lesions extending beyond
the outer third of dentin, reaching the middle or inner third,
or exhibiting cavitation within the outer third. In contrast,
non-active lesions, barring functional or aesthetic concerns,
as well as non-cavitated carious lesions and those susceptible
to cleaning, are generally managed through non-invasive or
minimally invasive approaches [6]. In contemporary dentistry,
initial carious lesions, specifically those classified as inter-
national caries detection and assessment system (ICDAS) 1–
3 on occlusal surfaces and radiographically extending to the
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outer and inner enamel halves, the enamel-dentin junction,
and the outer third of dentin, are categorized as lesions that
do not necessitate invasive restorative procedures [7–9]. The
2019 international caries classification and management sys-
tem (ICCSM) guideline proposed a restoration threshold sug-
gesting that invasive treatment is indicated for active lesions
that cannot be halted or for moderate lesions (ICDAS 3 and
4) that are difficult to clean. The guideline further suggests
that invasive treatment may be considered for moderate caries
lesions in patients at high caries risk [7]. Invasive restorative
procedures are often recommended for cavitated and enlarging
lesions [10–13]. While evidence is limited for primary teeth,
there is a consensus among some researchers that moderate
lesions can be treated with non-invasive, minimally invasive,
or conservative approaches [7, 9].
Espelid et al. [14, 15] developed a questionnaire to investi-

gate dentists’ restorative treatment decision thresholds, cavity
preparations and restorative materials used in proximal and
occlusal carious lesions of permanent teeth. The question-
naire was first used among Scandinavian dentists and later in
many different countries, and these studies have shown wide
variation in restorative treatment decisions [16–18]. Studies
in the literature on this subject have mainly focused on the
restoration thresholds of dentists in the management of caries
of permanent teeth in adult patients [19]. However, there are
very few studies in the literature on restoration thresholds in
caries management of primary and immature permanent teeth
[20–22].
The aim of this study is to evaluate the restorative treatment

decisions made by Turkish dentists for interproximalcaries in
primary and young permanent teeth using a validated question-
naire previously employed in other countries. Additionally, the
study seeks to investigate the demographic factors associated
with these decisions and to compare the findings not only at
a national level but also with international data. The null
hypothesis of the study is that various demographic factors of
dentists do not affect restorative treatment decisions.

2. Materials and methods

2.1 Sample size calculation and participant
criteria
Participants answered questionnaire on proximal caries lesions
in primary and immature permanent teeth. The questionnaire
was open for online participation between December 2021 and
March 2022.
Participant criteria:
• General dentists (GDs) who perform restorative dental

treatment in their daily work routine,
• Pediatric dentists (PDs) who have completed or are cur-

rently pursuing a minimum of 3 years of specialized training
in the Department of Pediatric Dentistry,

• Restorative dentistry specialists (RDSs) who have com-
pleted or are currently pursuing a minimum of 3 years of spe-
cialized training in the Department of Restorative Dentistry,

• 5th year students continuing their education in dentistry
faculties.
The answers of respondents who did not meet the crite-

ria specified in the questionnaire responses were not consid-
ered. In addition, questionnaires that met the criteria but could
not receive feedback on any of questions were also excluded
from consideration. The minimum sample size required for
the study was calculated as 272 with the G*Power program
(version 3.1.4, Heinrich-Heine-Universität Düsseldorf, Düs-
seldorf, NRW, Germany) when the effect size = 0.4, power
= 0.95 confidence level α = 0.05.

2.2 Questionnaire questions
To assess the participants’ restorative treatment decisions and
restorative threshold (RT) regarding proximal caries lesions
in primary and immature permanent teeth, a questionnaire
originally developed by Espelid et al. [14] for children and
validated by Mullet-Bolla and Doméjean was used [20, 22].
The Turkish language validity of the survey questions was
ensured through the back-translation method. The part of
this questionnaire related to proximal caries management was
adapted and used in this study. The case questions were
prepared in Turkish by the researchers and finalized after
obtaining expert opinions from 5 different pediatric dentists
ensure their suitability for the purpose. The questionnaire
comprised three main sections. The first section included
demographic questions, prompting participants to provide in-
formation such as their gender, age and years of experience.
The second section focused on their daily clinical practices, in-
quiring about the frequency of restorative treatments. The third
section presented hypothetical clinical case scenarios, where
participants were asked about their treatment thresholds and
preferences for managing primary and immature permanent
teeth in pediatric patients.

2.3 Clinical case questions
In the clinical hypothetical case scenarios, participants were
presented with involving two children, both of whom demon-
strated good oral hygiene, used fluoride toothpaste, visited
the dentist annually, and were cooperative. The first scenario
depicted a carious lesion located distally to the upper second
premolar of a 14-year-old patient, while the second scenario
involved a carious lesion mesially to the lower second primary
molar of a 5-year-old patient. The scenarios were accom-
panied by a diagram showing interproximal carious lesions
categorized by increasing depth according to the Espelid clas-
sification. These classifications also corresponded to caries
lesions 1–6 in ICDAS radiographic scoring system [23]. This
classification detailed six degrees of caries severity: Degree
1 (D1) represented a lesion margin on the outer half of the
enamel; Degree 2 (D2) indicated a margin on the inner half
of the enamel; Degree 3 (D3) reached the enamel-dentine
junction (EDJ); Degree 4 (D4) involved the outer third of
dentine; Degree 5 (D5) pertained to themiddle third of dentine;
and Degree 6 (D6) encompassed the inner third of dentine [6].
Fig. 1 (Ref. [2, 14]) shows the proximal caries diagram ac-
cording to the Espelid and ICDAS classification. In Question
1, participants were asked to select the smallest degree on this
diagram at which emergency restorative treatment should be
applied. In Question 2, participants were asked which type
of preparation they would prefer to use for their chosen caries
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FIGURE 1. The proximal caries diagram according to the Espelid and ICDAS classification. ICDAS: international caries
detection and assessment system.

lesion in each scenario (1: traditional class II, 2: box-only,
3: tunnel). Question 3 asked which restorative material they
would choose for the proximal lesions (amalgam, composite,
compomer, conventional glass ionomer cement (conv. GIC),
resin-modified glass ionomer cement (RMGIC), high viscosity
glass ionomer (HVGIC) sandwich technique: glass ionomer
cement, compomer or composite). Since there is no definite
threshold in dentistry regarding restoration decisions, it was
planned to make an evaluation based on various consensus [6,
9, 11, 13, 24]. In the light of the existing literature, according to
the answers given by the participants to the questions related to
the threshold at which they indicated that they would perform
restorative procedures, the preference for D1, D2 and D3
lesions were evaluated as early intervention.
After the questionnaire questions were prepared, they were

converted into a web-based questionnaire through Google
Forms®. The questionnaire started with an explanatory
section for the participants and consent was obtained
electronically for participation in the questionnaire. The web-
based questionnaire was distributed through social media.
Since the participants’ e-mail addresses were not collected,
they were not reminded of the questionnaire again and were
asked to answer the questionnaire only once.

2.4 Statistical analysis
The data were evaluated using SPSS “Statistical Package for
Social Sciences (SPSS 22.0)” program (IBM Corp, Armonk,
NY, USA). Descriptive analyses were given using means and
standard deviations for normally distributed variables. Fre-
quency and percentage for categorical variables, arithmetic
mean and standard deviation for variables with numerical val-
ues were used to summarize descriptive characteristics of par-
ticipants. Descriptive analyses were completed using fre-
quency distribution and cross-tabulations of variables. Pear-
son Chi-Square test was used for comparisons of qualitative
variables. The level of statistical significance was p < 0.05.

3. Results

The total number of participants was 410. The responses
of 65 participants were not evaluated because they did not
meet the participation or response criteria. The number of

responses accepted for evaluation was 345. Among these
participants, 69.3% were female and 30.7% were male. In
terms of professional backgrounds, 47.8% were general den-
tists, 26.7% were pediatric dentists, 8.1% were specialists
in restorative dental treatment, and 17.4% were fifth-grade
students. In our evaluation of the questionnaire, GDs had the
highest average daily number of restorative procedures, while
restorative dental treatment specialists (RDTSs) had the lowest
(Table 1).

3.1 Scenario 1

In the first scenario, a carious lesion was identified distally to
the upper second premolar in a 14-year-old patient. Table 2
presents the responses from various groups based on their areas
of expertise regarding the question about RT. In this scenario,
59.1% of all participants stated that they would intervene in
lesions early (GD: 60%, Pediatric dentists: 61.9%, RDTS:
32.2%, Student: 65%). Additionally, 20.2% of participants
believed that intervention was necessary while the lesion was
still within the enamel boundaries. No statistically significant
difference was found among the participant groups regarding
their RT choices in Scenario 1 (p = 0.067). The D3 threshold
(38.9%) was the most frequently selected among all partici-
pants, regardless of their group affiliation (GD: 39.4%, PD:
39.1%, Students: 41.7%, RDTS: 28.6%). The D4 threshold
was predominantly chosen by RDTSs, at a rate of 35.7%.
In Scenario 1, 80.3% of participants chose for minimally

invasive cavity preparation for the proximal carious lesion of
the permanent tooth, with 15.3% choosing tunnel preparation
and 65% selecting box-only preparation. In contrast, 19.7%
favored traditional Class II preparation. GDs (57%) and PDs
(100%) showed a most preference for box-only preparation,
while RDTSs (67.8%) leaned towards tunnel preparation, and
students (50%) preferred traditional Class II preparation. Rel-
evant data can be found in Table 2. Additionally, the study as-
sessed the relationships between restoration threshold choices,
preparation methods across all scenarios, and factors such as
gender, institution, years of experience, and various treatment
routines of the GDs, pediatric dentists, and RDTSs involved in
the questionnaire (Table 3).
Male PDs (76.4%) were more likely than female (58.7%)
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TABLE 1. Demographic characteristics of participants and information on participants’ treatment routines.
GD
N (%)

PD
N (%)

RDTS
N (%)

Student
N (%)

Totalb
N (%)

Gendera

Female 112 (46.9) 75 (31.4) 22 (9.2) 30 (12.6) 239 (69.3)

Male 53 (50.0) 17 (16.0) 6 (5.7) 30 (28.3) 106 (30.7)

Type of practicea

Public 79 (87.7) 12 (13.3) 1 (1.1) - 92 (26.7)

Private 86 (77.5) 24 (21.6) 1 (0.9) - 111 (32.2)

University - 56 (68.3) 26 (31.7) - 82 (23.8)

Student - - - 60 (100.0) 60 (17.4)

Professional Experience (yr)a

Student - - - 60 (100.0) 60 (17.4)

0–2 57 (89.1) 7 (10.9) - - 64 (18.6)

3–5 47 (66.2) 22 (31.0) 2 (2.8) - 71 (20.6)

6–10 24 (32.0) 35 (46.7) 16 (31.3) - 75 (21.7)

≥11 37 (49.3) 28 (46.7) 10 (13.3) - 75 (21.7)

Positiona

General Dentist 165 (100.0) - - - 165 (47.8)

Academician - 33 (60.0) 22 (40.0) - 55 (15.9)

Specialist - 31 (91.2) 3 (8.8) - 34 (9.9)

Spec. Stu. - 28 (90.3) 3 (9.7) - 31 (9.0)

Student - - - 60 (100.0) 60 (17.4)

Patient age rangea

0–6 yr 71 (37.1) 92 (48.1) - 29 (15.8) 191 (53.4)

7–13 yr 103 (41.2) 91 (36.4) 2 (0.8) 54 (21.6) 250 (72.5)

14–17 yr 105 (52.5) 38 (19.0) 7 (3.5) 50 (25.0) 200 (58.0)

≥18 yr 157 (62.00) 12 (4.74) 28 (11.06) 56 (22.13) 253 (73.30)

Avg. Restoration (Number)a

1–5 76 (45.2) 29 (17.3) 8 (17.3) 55 (32.7) 68 (48.7)

6–10 63 (48.1) 48 (36.6) 15 (11.5) 5 (3.8) 131 (38.0)

11–15 18 (60.0) 8 (26.7) 4 (13.3) - 30 (8.7)

≥16 8 (50.0) 7 (43.8) 1 (3.6) - 16 (4.6)

Primary tooth treatmenta

Yes 128 (44.8) 92 (32.2) 7 (2.4) 59 (20.6) 286 (82.9)

No 37 (62.7) - 21 (35.6) 1 (1.7) 59 (17.1)

Treatment frequencya

Often 35 (24.1) 92 (63.4) - 18 (12.4) 145 (42.0)

Sometimes 114 (67.1) - 15 (8.8) 41 (24.1) 170 (49.3)

None 16 (53.3) - 13 (43.3) 1 (3.3) 30 (8.7)

GD: General Dentist; PD: Pediatric dentists; RDTS: Restorative Dental Treatment Specialists; Avg. Restoration: Average
Number of Restorations Per Day; Spec. Stu.: Specialization Student; a: Horizontal percentage; b: Vertical percentage.
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TABLE 2. Distribution of RT and preparation method choices by participant groups in Scenario 1.

RT p Preparation type

D1 + D2
N (%)

D3
N (%)

D4
N (%)

D5 + D6
N (%)

Traditional
Class II
N (%)

Box
N (%)

Tunnel
N (%)

GD
D1

12 (7.3) 34
(20.6)

65
(39.4)

34
(20.6)

D5
12 (7.3) 32

(19.4)

0.067

38
(23.0)

94
(57.0)

33
(20.0)D2

22 (13.3)
D6

20 (12.1)

PD
D1

6 (6.5) 21
(22.8)

36
(39.1)

23
(25.0)

D5
7 (7.6) 12

(13.0) - 92
(100.0) -

D2
15 (16.3)

D6
5 (5.4)

RDTS
D1
- 1

(3.6)
8

(28.6)
10

(35.7)

D5
6 (21.4) 9

(32.1) - 9
(32.2)

19
(67.8)D2

1 (3.6)
D6

3 (10.7)

Student
D1

6 (10.0) 14
(23.3)

25
(41.7)

13
(21.7)

D5
4 (6.7) 8

(13.3)
30

(50.0)
29

(48.3)
1

(1.7)D2
8 (13.3)

D6
4 (6.7)

Total
D1

24 (6.9) 70
(20.2)

134
(38.9)

80
(23.2)

D5
29 (8.4) 61

(17.7)
68

(19.7)
224
(65.0)

53
(15.3)D2

46 (13.3)
D6

32 (9.3)

GD: General Dentist; PD: Pediatric dentists; RDTS: Restorative Dental Treatment Specialists; RT: restorative threshold.

to choose early intervention for lesions (D1–3). 75% of pe-
diatric dentists in public institutions reported that they would
intervene in lesions (D4–6) that had reached the outer 1/3 of
the dentine or more advanced. This rate was 40% in working
private institutions and 33.9% inworking universities. The rate
of lesion intervention at enamel level increased with increasing
professional years of pediatric dentists. Academician pediatric
dentists favored early intervention, even before the lesion
reached the middle 1/3 of dentine. (D1–4), while 30.4%
reported that they would intervene when the lesion was at the
enamel (D1–2). 22.6% of specialists and 14.3% of residents
would intervene when the lesion was at the enamel level.
Fig. 2 shows that dentists in all groups chose composite as

the most common material for Scenario 1 (GDs 71%, PDs
88%, RDTSs 96.4%, Student 65%). 76.5% of all participants
stated that they would perform restoration with composite
material. Amalgamwas the least preferredmaterial (1.2%) and
all of dentists who preferred it were GDs (2.4%). Those who
preferred conv. GIC were GDs (5.5%) and students (1.7%).
GDs employed in private institutions chosen for conven-

tional Class II preparation at a significantly higher rate (37.2%)
compared to their counterparts in public institutions (7.6%).
Conversely, a significantly larger proportion of GDs in public
institutions (31.6%) selected tunnel preparation compared to
those in private settings (9.3%) (p = 0.001) (Table 4).
There was also a significant relationship between the years

of professional experience of GDs and their preparation
choices (p = 0.008). It was determined that as the average
number of restorative procedures performed per day by GDs
increased, the frequency of choosing conventional preparation

decreased and there was a statistically significant difference
(p = 0.0001). There was no statistically significant difference
between the threshold choices of the PD participants and their
demographic characteristics or treatment routines (p > 0.05)
(Table 4).
The distribution of RT and preparation preferences of RDTS

participating in the study was analyzed according to demo-
graphic characteristics and treatment routines. Relevant data
are given in Tables 3 and 4. Accordingly, no significant
difference was found between demographic characteristics,
treatment routines, treatment thresholds and preparation pref-
erences (p > 0.05).

3.2 Scenario 2
In the second scenario involved a carious lesion mesially to
the lower second primary molar of a 5-year-old patient. The
answers given by the groups according to their specialty to the
question about RT are given in Table 5. In Scenario 2, 55.7%
of GDs, 63% of PDs, 32.2% of RDTSs and 55% of students
stated that they would intervene early in lesions (D1–3). This
rate was 55.6% of all participants. 17.1% of all participants
would intervene when the lesion was at the enamel level.
D3 (EDJ) was the most chosen threshold degree among all

participants, regardless of group and in each group for GDs,
PDs and students (38.5%, 41.2%, 39.1%, 35%, respectively).
RTDSs, on the other hand, chose lesions extending to outer
1/3 of the dentine at the highest rate of 39.3% (D4) as the
threshold. There was no significant difference in threshold
selection between the groups (p = 0.551).
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GD PD RDTS

D1 + D2
N (%)

D3
N (%)

D4
N (%)

D5 + D6
N (%) p D1 + D2

N (%)
D3

N (%)
D4

N (%)
D5 + D6
N (%) p D1 + D2

N (%)
D3

N (%)
D4

N (%)
D5 + D6
N (%) p

Gender
Female 20 (17.9) 42 (37.5) 28 (25.0) 22 (19.6)

0.181
18 (24.0) 26 (34.7) 21 (28.0) 10 (13.3)

0.318
1 (4.5) 6 (27.3) 6 (27.3) 9 (40.9)

-
Male 14 (26.4) 23 (43.4) 6 (11.3) 10 (18.9) 3 (17.6) 10 (58.8) 2 (11.8) 2 (11.8) - 2 (33.3) 4 (66.7) -

Type of practice
Public 16 (20.3) 35 (44.3) 15 (19.0) 13 (16.5)

0.614
1 (8.3) 2 (16.7) 4 (33.3) 5 (41.7)

0.103
- - 1 (100.0) -

-Private 18 (20.9) 30 (34.9) 19 (22.1) 19 (22.1) 7 (29.2) 10 (41.7) 5 (20.8) 2 (8.3) - - - 1 (100.0)
University - - - 13 (23.2) 24 (42.9) 14 (25.0) 5 (8.9) 1 (3.8) 8 (30.8) 9 (34.6) 8 (30.8)

Professional Experience (yr)
0–2 5 (8.8) - 5 (8.8) -

0.018*

5 (17.2) 13 (44.8) 6 (20.7) 5 (17.2)

0.440

- - - -

-
3–5 14 (29.8) 17 (36.2) 12 (25.5) 4 (8.5) - - 1 (50.0) 1 (50.0)
6–10 3 (12.5) 11 (45.8) 4 (16.7) 6 (25.0) 7 (20.0) 14 (40.0) 8 (22.9) 6 (17.1) - 4 (25.0) 6 (37.5) 6 (37.5)
≥11 12 (32.4) 14 (37.8) 2 (5.4) 9 (24.3) 9 (32.1) 9 (32.1) 9 (32.1) 1 (3.6) 1 (10.0) 4 (40.0) 3 (30.0) 2 (20.0)

Avg. Restoration (number)
1–5 17 (22.4) 27 (35.5) 16 (21.1) 16 (21.1)

0.349

6 (20.7) 15 (51.7) 5 (17.2) 3 (10.3)

0.201

1 (12.5) 2 (25.0) 3 (37.5) 2 (25.0)

-
6–10 12 (19.0) 26 (41.3) 16 (25.4) 9 (14.3) 11 (22.9) 14 (29.2) 17 (35.4) 6 (12.5) - 3 (20.0) 6 (40.0) 6 (40.0)
11–15 5 (27.8) 8 (44.4) 2 (11.1) 3 (16.7) 4 (26.7) 7 (46.7) 1 (6.7) 3 (20.0) - 3 (60.0) 1 (20.0) 1 (20.0)
≥16 - 4 (50.0) - 4 (50.0) 6 (20.7) 15 (51.7) 5 (17.2) 3 (10.3) 1 (12.5) 2 (25.0) 3 (37.5) 2 (25.0)

Treatment Frequency
Often 7 (20.0) 10 (28.6) 8 (22.9) 10 (28.6)

0.212
- - - -

-
- - - -

-Sometimes 23 (20.2) 48 (42.1) 21 (18.4) 22 (19.3) - - - - 1 (6.7) 8 (53.3) 3 (20.0) 3 (20.0)
None 4 (25.0) 7 (43.8) 5 (31.3) - - - - - - - 7 (53.8) 6 (46.2)

Position
Specialist - - - - 7 (22.6) 10 (32.3) 8 (25.8) 6 (19.4) - - - -

-Academician - - - - 10 (30.3) 15 (45.5) 8 (24.2) 0 - - - -
Spec. Stu - - - - 4 (14.3) 11 (39.3) 7 (25.9) 6 (21.4) - - - -

GD: General Dentist; PD: Pediatric dentists; RDTS: Restorative Dental Treatment Specialists; Avg. Restoration: Average Number of Restorations Per Day; Spec. Stu.: Specialization
Student.
*: p value < 0.05 considered significant.
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FIGURE 2. Distribution of material choices according to participant groups in scenario 1. GD: General Dentist; PD:
Pediatric dentists; RDTS: Restorative Dental Treatment Specialists; Conv.GIC: conventional glass ionomer cement; RMGIC:
resin-modified glass ionomer cement; HVGIC: high viscosity glass ionomer.

Seventy-one percent of participants preferred to use mini-
mally invasive cavity preparation for primary tooth proximal
caries lesion tunnel (8.7%) and box-only cavity preparation
(62.3%); 29% chose class II preparation. GDs (38.2%) were
the group most likely to prefer traditional class II preparation
and RDTSs (85.7%) the most likely to prefer MID.
Fig. 3 shows that dentists in all groups selected compomers

as the most common material for Scenario 2. PDs were the
most preferred group for compomers (69%). The second
material for all participants was composite (26.1%). The 2nd
most preferred material by RDTSs was HVGIC (21.40%).
A statistically significant difference in choices based on

gender was observed among the participating GDs (p = 0.048)
(Table 6). Male GDs preferred lesions at the enamel level (D1–
2) as RT 14.7% more than women. There was no statistically
significant difference in the choice of RT, other demographic
characteristics and treatment routines (p> 0.05) (Tables 6 and
7).
There was a statistically significant difference in the choice

of preparation of GDs between professional years and fre-
quency of treatment. GDs with 11 or more years of experience
were 37.6% more likely to choose conventional preparation
than those with 0–2 years of professional experience. As the
number of years of experience increased, box-only preparation
was more preferred (p = 0.0001). In addition, GDs with a
higher frequency of primary dental treatment tended to prefer
conventional preparation, while those with a lower frequency
preferred conservative preparation methods.
In Scenario 2, there was a statistically significant difference

(p < 0.05) in the choice of RT among PDs, influenced by

gender and their place of employment. Male PDs (82.4%)
were more likely than females (58.7%) to choice for early
intervention for lesions (D1–3) (p = 0.001). Additionally,
those working in public institutions preferred D5 and D6 for
restorative treatment by 29.2% more than their counterparts
in private institutions, and by 34.6% more compared to those
in universities (p = 0.03). Among PDs, those in private
institutions preferred traditional preparations 29.5%more than
those in universities (p = 0.02). Traditional preparation was
chosen by 6.9% of PDs with 0–5 years of experience and by
30.2% of those with 6 years or more. As professional years
increased, the choice of traditional preparation also increased
(p = 0.033). There was no significant difference in the choice
of threshold and preparation, demographic characteristics and
treatment routines of RDTSs in Scenario 2 (p> 0.05) (Tables 6
and 7).

4. Discussion

The literature suggests avoiding invasive treatment of lesions
until they reach the outer 1/3 of dentine (before Degree 4) and
opting for non-invasive methods [6, 7]. Evidence suggests that
the presence of radiolucency in the middle or deeper third of
dentin is a reliable indicator that the tooth surface is cavitated
and the enamel or dentin is heavily infected. This corresponds
to scores 4 (D5), 5 (D6) and 6 on the ICCMS™ radiographic
scoring system [2]. There is no consensus for primary teeth,
but their faster caries progression and shorter enamel-dentine-
pulp distance may necessitate earlier RT criteria [25, 26].
For both permanent tooth and primary tooth scenarios, more
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than half of the participants stated that they would intervene before the lesion crossed the dentine border. In Scenario 1,

TABLE 4. Preparation method selections according to demographic characteristics and treatment routines of groups
in Scenario 1.

GD RDTS
Traditional
Class II
N (%)

Box
N (%)

Tunnel
N (%) p

Traditional
Class II
N (%)

Box
N (%)

Tunnel
N (%) p

Gender
Female 25 (22.4) 65 (58.0) 22 (19.7)

0.919
7 (31.8) 15 (68.2) 7 (31.8)

0.990
Male 13 (24.6) 29 (54.8) 11 (20.8) 2 (33.3) 4 (66.7) 2 (33.3)

Type of practice
Public 6 (7.6) 48 (60.8) 25 (31.6)

0.001*
1 (100.0) - 1 (100.0)

0.540Private 32 (37.2) 46 (53.5) 8 (9.3) - 1 (100.0) -
University - - - 8 (30.8) 18 (69.2) 8 (30.8)

Professional Experience (yr)
0–2 20 (35.1) 32 (56.1) 5 (8.8)

0.008*

- - -

0.990
3–5 8 (17.0) 30 (63.8) 9 (19.1) 1 (50.0) 11 (50.0) 1 (50.0)
6–10 3 (12.5) 10 (41.7) 11 (45.8) 5 (31.3) 11 (68.8) 5 (31.3)
≥11 7 (18.9) 22 (59.5) 8 (21.6) 3 (30.0) 7 (70.0) 3 (30.0)

Avg. Restoration (Number)
1–5 28 (36.8) 38 (50.0) 10 (13.2)

0.0001*

- 2 (25.0) 6 (75.0)

0.417
6–10 10 (15.9) 39 (61.9) 14 (22.2) - 4 (26.7) 11 (73.3)
11–15 - 17 (77.8) 9 (34.6) - 3 (60.0) 2 (40.0)
≥16 - 4 (50.0) 4 (50.0) - 2 (25.0) 6 (75.0)

GD: General Dentist; RDTS: Restorative Dental Treatment Specialists; Avg. Restoration: Average Number of Restorations Per
Day.
*: p value < 0.05 considered significant.

TABLE 5. Distribution of RT and preparation method choices by participant groups in Scenario 2.
D1 + D2
N (%)

D3
N (%)

D4
N (%)

D5 + D6
N (%) p

Traditional
N (%)

Box N
(%)

Tunnel
N (%)

GD
D1

4 (2.4) 24 (14.5) 68 (41.2) 31 (18.8)
D5

22 (13.3) 42 (25.5)

0.551

63 (38.2) 89 (54.0) 13 (7.8)
D2

20 (12.1)
D6

20 (12.1)

PD
D1

6 (6.5) 22 (23.9) 36 (39.1) 22 (23.9)
D5

6 (6.5) 12 (13.0) 21 (22.8) 61 (66.3) 10 (10.9)
D2

16 (17.4)
D6

6 (6.5)

RDTS
D1

1 (3.6) 1 (3.6) 8 (28.6) 11 (39.3)
D5

5 (17.9) 8 (28.6) 4 (14.3) 23 (82.1) 1 (3.6)
D2
-

D6
3 (10.7)

Student
D1

4 (6.7) 12 (20.0) 21 (35.0) 20 (33.3)
D5

4 (6.7) 7 (11.7) 12 (20.0) 42 (70.0) 6 (10.0)
D2

8 (13.3)
D6

3 (5.0)

Total
D1

15 (4.3) 59 (17.1) 133 (38.5) 84 (24.3)
D5

37 (10.7) 69 (20.0) 100 (29.0) 215 (62.3) 30 (8.7)
D2

44 (12.8)
D6

32 (9.30)
GD: General Dentist; PD: Pediatric dentists; RDTS: Restorative Dental Treatment Specialists.
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FIGURE 3. Participants’ material selection in scenario 2. GD: General Dentist; PD: Pediatric dentists; RDTS: Restorative
Dental Treatment Specialists; Conv.GIC: conventional glass ionomer; RMGIC: resin-modified glass ionomer cement; HVGIC:
high viscosity glass ionomer.

1 in 5 participants decided to intervene when the lesion was
still enameled. According to a meta-analysis conducted by
Innes and their team, 21% of dentists and therapists addressed
enamel-limited proximal caries, while almost half treated le-
sions that had reached EDJ. The worldwide prevalence re-
ported in this meta-analysis is comparable to the rates found in
our research [19]. The rates of early intervention of the dentists
participating in our study in immature permanent and primary
tooth cases were 59.1% and 55.6%, respectively. Keys [20],
2019 study found significantly lower rates of early intervention
among participants (27.5% for permanent teeth and 41.1%
for primary teeth), indicating that Australian clinicians were
more conservative in their treatment decisions compared to
their Turkish counterparts. In contrast, early intervention
rates were notably higher in France [22] (68% for permanent
teeth and 75% for primary teeth) and Canada [21] (68% for
primary teeth), exceeding the rates observed in our study.
Northern European countries exhibited the lowest rates of
intervention for carious lesions [5]. The proportion of early
intervention decisions made by final-year dental students in the
study was notably higher than that of their Brazilian [27] coun-
terparts (permanent teeth: 38.1%, primary teeth: 28.5%), but
lower than that of Russian [28] students (82.7% for permanent
teeth). Considering the relatively limited clinical exposure and
the presumed reliance on foundational education among the
student groups, these findings may reflect variations in the
contemporariness of dental curricula across different nations.
Pediatric dentists were the first to intervene in both sce-

narios. Unlike studies in California [17] and France [22]
where pediatric dentists intervened later than GD, our study
and those in Australia and New Zealand [20] found pediatric
dentists intervene earlier. The prevalence of caries in the

Turkish population is 76.5%, with mean DMFT/dmft scores
for the 5-year and 15-year age groups are 3.64 and 2.72 [29].
Studies have shown that the progression rate of carious lesions,
especially in the interface, is significantly faster in adolescents
compared to adults. This finding highlights the need for earlier
invasive interventions in adolescents compared to adults [30].
When the progression rate of caries is high, cavitation can
occur as soon as the decay reaches the dentin [2]. Given
the high prevalence of caries and poor oral hygiene, early
intervention decisions may be more common in Turkish dental
practice. This tendency may be more pronounced among
pediatric dentists who frequently treat young children and
those at high risk for caries. The fact that the rate of early
intervention by RDTS in proximal caries in our study in our
study was much lower than in the other groups supports the
view that specialized training in cariology and its treatment
may prevent excessive restorative treatment. When all groups
are examined, the distribution of threshold selections in both
permanent and primary teeth in proximal caries is quite similar.
When deciding on restorative treatment, dentists may conclude
that the permanence or current function of the tooth is not very
important, and that the priority is to treat the caries.
In the second clinical case question, the choice of prepa-

ration technique, the majority of the participants preferred
conservative methods in both cases (80.3%, 71%). One of the
findings of our study is that traditional class II preparation was
more common in primary teeth than in immature permanent
teeth. Clearly, the expert participants were more likely to
adhere to the principles ofMID during restorative intervention,
with box-only preparation being the most popular choice. This
is consistent with similar studies [20, 21]. Tunnel preparation,
another conservative option in the questionnaire, was the least
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GD PD RDTS

D1 + D2
N (%)

D3
N (%)

D4
N (%)

D5 + D6
N (%) p D1 + D2

N (%)
D3

N (%)
D4

N (%)
D5 + D6
N (%) p D1 + D2

N (%)
D3

N (%)
D4

N (%)
D5 + D6
N (%) p

Gender
Female 11 (9.8) 46 (41.1) 25 (22.3) 30 (26.8)

0.048*
21 (28.0) 23 (30.7) 22 (29.3) 9 (12.0)

0.001*
1 (4.5) 5 (22.7) 8 (36.4) 8 (36.4)

-
Male 13 (24.5) 22 (41.5) 6 (11.3) 12 (22.6) 1 (5.9) 13 (76.5) - 3 (17.6) - 3 (50.0) 3 (50.0) -

Type of practice
Public 14 (17.7) 27 (34.2) 16 (25.8) 22 (20.3)

0.336
1 (8.3) 3 (25.0) 3 (25.0) 5 (41.7)

0.030*
- 1 (100.0) - -

-Private 10 (11.6) 41 (47.7) 15 (17.4) 20 (23.3) 5 (20.8) 7 (29.2) 9 (37.5) 3 (12.5) - - - 1 (100.0)
University - - - 16 (28.6) 26 (46.4) 10 (17.9) 4 (7.1) 1 (3.8) 7 (26.9) 11 (42.3) 7 (26.9)

Professional Working Experience (yr)
0–2 4 (7.0) 27 (47.4) 14 (24.6) 12 (21.1)

0.251

9 (25.7) 9 (25.7) 10 (28.6) 7 (20.0)

0.438

- - - -

-
3–5 9 (19.1) 22 (46.8) 6 (21.3) 10 (21.3) 3 (10.7) 18 (64.3) 5 (17.6) 2 (7.1) - - 2 (100.0) -
6–10 3 (12.5) 7 (29.2) 5 (20.8) 9 (37.5) 3 (42.9) 1 (14.3) 1 (14.3) 2 (28.6) - 5 (31.3) 5 (31.3) 6 (37.5)
≥11 8 (21.6) 12 (32.4) 6 (16.2) 11 (29.7) 7 (31.8) 8 (36.4) 6 (27.3) 1 (4.5) 1 (10.0) 3 (30.0) 4 (40.0) 2 (20.0)

Avg. Restoration (Number)
1–5 13 (17.1) 32 (42.1) 13 (17.1) 18 (23.7)

0.740

5 (17.3) 17 (58.6) 4 (13.8) 3 (10.3)

0.274

1 (12.5) 2 (25.0) 3 (37.5) 2 (25.0)

-
6–10 6 (9.5) 28 (44.4) 13 (20.6) 16 (25.4) 13 (27.0) 15 (31.3) 14 (29.2) 6 (12.5) - 4 (26.7) 5 (33.3) 6 (40.0)
11–15 5 (19.2) 8 (30.8) 5 (19.2) 8 (30.8) 4 (26.7) 4 (26.7) 4 (26.7) 3 (20.0) - 2 (40.0) 3 (60.0) -
≥16 - - - - - - - - 1 (12.5) 2 (25.0) 3 (37.5) 2 (25.0)

Treatment Frequency
Often 4 (11.4) 14 (40.0) 6 (17.1) 11 (31.4)

0.538
- - - -

-
- - - -

-Sometimes 15 (13.2) 50 (43.9) 22 (19.3) 27 (23.7) - - - - 1 (6.7) 7 (46.7) 4 (26.7) 3 (20.0)
None 5 (31.3) 4 (25.0) 3 (18.8) 4 (25.0) - - - - - 1 (7.7) 7 (53.8) 5 (38.5)

Position
Specialist - - - -

-
6 (19.4) 9 (29.0) 10 (32.3) 6 (19.4)

0.083 -Academician - - - - 7 (21.2) 19 (57.6) 6 (18.2) 1 (3.0)
Spec. Stu. - - - - 9 (32.1) 8 (28.6) 6 (21.4) 5 (17.9)

GD: General Dentist; PD: Pediatric dentists; RDTS: Restorative Dental Treatment Specialists; Avg. Restoration: Average Number of Restorations Per Day; Spec. Stu.: Specialization
Student.
*: p-value < 0.05 considered significant.
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TABLE 7. Distribution of participants’ preparation choices in Scenario 2.
GD Pediatric dentist RDTS

Traditional
Class II
N (%)

Box
N (%)

Tunnel
N (%) p

Traditional
Class II
N (%)

Box
N (%)

Tunnel
N (%) p

Traditional
Class II
N (%)

Box
N (%)

Tunnel
N (%) p

Gender
Female 44 (39.3) 61 (54.5) 7 (6.3)

0.560
17 (22.7) 49 (65.3) 9 (12.0)

0.920
4 (18.2) 17 (77.3) 1 (4.5)

-
Male 19 (35.8) 28 (52.8) 6 (11.3) 4 (23.5) 12 (70.6) 1 (5.9) - 6 (100.0) -

Type of practice
Public 31 (39.2) 39 (49.4) 9 (11.4)

0.237
4 (33.3) 8 (66.7) -

0.020*
1 (100.0) - -

0.330Private 32 (37.2) 50 (58.1) 4 (4.7) 10 (41.7) 13 (54.2) 1 (4.2) 3 (11.5) 22 (84.6) 1 (3.8)
University - - - 7 (12.5) 40 (71.4) 9 (16.1) - 1 (100.0) -

Professional Experience (yr)
0–2 14 (24.6) 42 (73.7) 1 (1.8)

0.0001*

- 7 (100.0) -

0.030*

- - -

-
3–5 18 (38.3) 25 (53.2) 4 (8.5) 2 (9.1) 16 (72.1) 4 (18.2) - 2 (100.0) -
6–10 8 (33.3) 13 (54.2) 3 (12.5) 8 (22.9) 23 (65.7) 4 (11.4) 2 (12.5) 13 (81.3) 1 (6.3)
≥11 23 (62.5) 9 (24.3) 5 (13.5) 11 (39.3) 15 (53.6) 2 (7.1) 2 (20.0) 8 (80.0) -

Avg. Restoration (Number)
1–5 25 (32.9) 46 (60.5) 5 (6.6)

0.187
7 (24.1) 19 (65.5) 3 (10.3)

0.950
2 (25.0) 6 (75.0) -

-6–10 23 (36.5) 33 (52.4) 7 (11.1) 10 (20.8) 33 (68.8) 5 (10.4) 2 (13.3) 13 (86.7) -
≥11 15 (57.7) 10 (38.5) 1 (3.8) 4 (26.7) 9 (60.0) 2 (13.3) - 4 (80.0) 1 (20.0)

Treatment Frequency
Often 17 (48.6) 16 (45.7) 2 (5.7)

0.033*
- - -

-
- - -

0.990Sometimes 44 (38.6) 63 (55.3) 7 (6.1) - - - 2 (13.3) 12 (80.0) 1 (6.7)
None 2 (12.5) 10 (62.5) 4 (25.0) - - - 2 (15.4) 11 (84.6) -

Position
Specialist - - -

-
12 (38.7) 18 (58.1) 1 (3.2)

0.033* -Academician - - - 7 (21.2) 22 (66.7) 4 (12.1)
Spec. Stu. - - - 2 (7.1) 21 (75.0) 5 (17.9)

GD: General Dentist; RDTS: Restorative Dental Treatment Specialists; Avg. Restoration: Average Number of Restorations Per Day; Spec. Stu.: Specialization Student.
*: p value < 0.05 considered significant.



116

preferred for both case scenarios, regardless of group. Despite
being a conservative approach for proximal caries, tunnel
restoration is a technique-sensitive procedure that necessitates
a high level of clinical expertise [31]. In the permanent tooth
scenario, tunnel preparation was the most preferred method of
RDTSs (64%). In a questionnaire study conducted in France
with the participation of academicians in the department of
operative dentistry, it was determined that the participants most
often chose the tunnel preparation method in the restoration
of permanent proximal caries [32]. The results support the
results of our study. The study suggests that RDTSs may
prefer to perform tunnel preparation on immature permanent
teeth because of their confidence that tunnel restorations will
not fail due to iatrogenic causes due to their specialized train-
ing. RDTSs showed an increased preference for both box-
only and traditional preparations in primary teeth compared
to permanent teeth. This may be attributed to their lim-
ited experience with primary teeth and specialized training
in permanent dental treatments, leading to distinct decision-
making patterns in these cases. The students, on the other
hand, mostly chose traditional preparation, which may be
due to their lack of experience, insecurity regarding caries
management and practical applications. Traditional Class II
preparations, which can significantly remove healthy tooth
tissue, are typically used for restorative materials requiring
mechanical retention. However, advancements in dental ma-
terials and adhesive systems have reduced the necessity for
mechanical retention. Therefore, there is no justification for
the use of traditional techniques, especially in the treatment
of caries [33]. More participatory opinions are needed to
determine the exact sources of dentists’ decisions on this issue.
In this study, we tried to examine whether some basic factors

for dentists are effective in their decision-making. In doing
so, we did this by separating them according to their areas
of specialization, because we believe that it would not be
appropriate to evaluate them as a single group, considering
their continuing specialization training and duration after their
undergraduate education.
In our study, we found that gender in particular may affect

the RT decision. In line with our study, there are also studies
that find a relationship between gender and RT decisions [20,
34, 35]. In both scenarios, as the professional years of the
GDs increased, the rates of choosing traditional preparation
increased. In primary teeth, as professional years of the pedi-
atric dentists increased the rates of traditional preparation pref-
erence increased. There was a significant difference between
the positions of the pediatric dentists in the choice of tunnel
preparation. Pedodontics trainees were more likely to prefer
tunnel preparation than specialist pediatric dentists. Consider-
ing that we can say that as clinical experience increases, we
can say that there is a tendency towards traditional preferences
from conservative preferences such as tunnel. Kopperud et al.
[36] reported that the preference for traditional preparations
for occlusal caries increased as the age of Norwegian dentists
increased. This result coincides with the findings of our study.
The study found that GDs and pediatric dentists working in

private institutions, as well as pediatric dentists in university,
were more likely to intervene early in caries lesions and prefer
traditional preparation methods more than those in public in-

stitutions. There are studies suggesting that dentists working
in practices with low patient volume and/or financial pressure
are more likely to opt for aggressive and excessive treatments
[37]. Moreover, dentists in private practice may have selected
more classic preparation techniques to enhance the longevity
and durability of restorations by providing additional retention
and thereby reducing the risk of secondary caries.
In both scenarios, academics within the pediatric dentists

group choose to intervene early at a much higher rate than
specialist pediatric dentists and pediatric dentist candidates.
In children, many factors such as tooth maturation, ease of
plaque retention during eruption, occlusal morphology of teeth
without physiological wear, and high dentine permeability
prevent progression in immature permanent teeth from being as
predictable as in adults [38–40]. This differencemay be among
the main reasons why academics chose to intervene earlier.
The study by El-Mowafy et al. [41] identified several factors

influencing dentists’ treatment decisions, including gender,
experience, university, institution type, appointment time, and
number of restorative procedures per day. Among the GD
participants in our study, and the preference for box-only
preparation increased as the number of restorative procedures
per day increased. It is quite possible that the reasons for this
choice include saving time and ease of application.
The institutions where the participants worked influenced

RT decisions and the choice of preparation methods. The early
intervention decisions of pediatric dentists working in private
institutions and universities were higher than those of pediatric
dentists working in public institutions in both scenarios. Espe-
cially in dentists working in private institutions, concerns such
as economic concerns and patient satisfaction may increase the
decision to intervene early in lesions. In addition, especially in
universities, reasons such as long appointment queues, patients
not being able to reach the physician easily, and patients
not coming to the controls may also be reasons for early
intervention. This difference may be among the main reasons
why academics choose to intervene earlier. In the health
system in our country, university hospitals are within the
scope of tertiary health institutions. The patient’s profile is
usually highly specialized conditions and uncooperative or
very young children. In the advanced stages of caries lesions,
emergency treatments that may be required are a difficult
treatment process for pediatric patients. These situations,
which academics frequently encounter, may encourage them
to intervene at an early stage in order to minimize the problems
that may occur.
Composite material is the most preferred material in all

groups for the restoration of proximal caries of immature
permanent teeth (Scenario 1). Similarly, in many studies, the
most preferred material has been composite [16, 20, 21, 28,
35]. Amalgam was the least preferred material. In permanent
teeth, amalgam was preferred only by GDs. Amalgam has
become a less needed material with the development of ad-
hesive materials and increasing aesthetic expectations. Since
the mercury in its content is a harmful substance to the envi-
ronment, it is less preferred by dentists. In the restoration of
the proximal of primary teeth, dentists preferred compomer the
most and composite the second most. Compomer is the most
successful material after SSC in primary tooth restorations
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[42]. On the other hand, there are studies that have found
composite restorations in primary teeth to be successful [42,
43]. The sandwich technique option was the least preferred
restorative material in scenarios 1 and 2, as in most of the
similar studies [20, 44, 45]. The primary reason why dentists
in the study preferred adhesive material and modified GIC
more than sandwich technique may be that they have more
condense in a monoblock restoration. When all cases were
analyzed, RDTSs were the most preferred group for GICmate-
rials, especially RMGIC and HVGIC. RDTSs preferred a wide
variety of materials. In primary teeth, compomer was mostly
preferred by pediatric dentists. We think that the differences
in the selection of materials between specializations are due to
the differences in education-material knowledge.
As the study was conducted in a single center and based

on an online survey, the number of participants remained
relatively limited. Since the case scenarios were hypothetical,
the responses were also hypothetical in nature. Although
the participants’ answers reflect their clinical perspectives,
various factors during actual practicemay lead to discrepancies
between stated opinions and real-life applications. Therefore,
the findings may not fully represent actual clinical outcomes.

5. Conclusions

In conclusion, when the scenarios were analyzed, it was con-
cluded that dentists tended to intervene early in proximal car-
ious lesions. Pediatric dentists had higher rates of early in-
tervention than other groups. Various factors such as gender,
professional years, and type of institution affect the choice of
RT and preparation method. Consequently, the null hypothe-
sis was partially rejected. In immature permanent teeth and
primary teeth, dentists prefer conservative preparation tech-
niques to preserve healthy tooth tissue. In restorative dental
treatments, dentists primarily prefer resin-containing materials
for both permanent and primary teeth. To reduce excessive and
premature interventions in dentistry, implementing a fee-for-
service system for non-invasive interventions such as caries
lesion monitoring, caries risk assessment, and dietary man-
agement could incentivize dentists to prioritize preventive and
conservative treatments over early and invasive procedures.
Continuous professional development through regular training
can also help reduce the frequency of premature and exces-
sive interventions. Adopting public oral health improvement
policies, as seen in Northern European countries, can further
contribute to addressing this issue. Widespread implemen-
tation of MID practices in undergraduate dental programs
can also serve as an alternative solution. This study is the
first study in Türkiye to question the restoration threshold of
dentists regarding the proximal caries of primary and immature
permanent teeth. Further studies on this issue are also needed.
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