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ABSTRACT

Objective: To evaluate the treatment decision-making of dental students from two dental schools for
different stages of interproximal carious lesions in permanent and deciduous teeth. Material and Methods:
This is a cross-sectional study, where a questionnaire with schematic diagrams and radiographs of deciduous
and permanent teeth showing five stages of interproximal carious lesions (external third of enamel, internal
third of enamel, enamel-dentin junction (EDJ), external third of dentin and internal third of dentin) were
presented to dental students of one Public University and one Private University, to determine the need for
invasive intervention. Results: For diagrams, significant differences were found between schools in
dichotomized responses (external or internal to EDJ) for deciduous and permanent teeth (p=0.019 and
p=0.015, respectively), with a higher frequency of responses for early intervention (external to EDJ) in the
private school. For radiographs, a higher response frequency for early intervention was observed in
permanent teeth; meanwhile, for deciduous teeth, a late intervention (internal to the EDJ) was preferred,
without significant differences between schools. Conclusion: Students from both schools showed a high
frequency of responses to early invasive intervention (external to EDJ) in interproximal caries lesions when
diagrams and radiographs of permanent teeth were evaluated, with the private schools evaluating more
frequently. Only in the deciduous teeth radiograph, the prevalence of late intervention (internal to the EDJ)
was higher.
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B Introduction

Recent advances in understanding the process of dental caries have led to a paradigm shift in caries
management. Preventive strategies and noninvasive therapies, such as fluorotherapy and remineralization, play
an essential role in the caries disease approach and, depending on the cavitation stage, are preferable to invasive
treatments [17].

Decision-making regarding invasive or noninvasive intervention in the interproximal region usually
involves evaluating bite-wing radiographs. Pitts and Rimmer [27] have shown that when there is radiolucency
in permanent teeth only on the outer half of the enamel, there is no cavitation (0%). However, when the
radiographic image extends into the enamel's internal half, the dentin's external half, and the dentin's internal
half, cavitation is present in 10.5%, 40.9%, and 100% of cases, respectively. In the primary teeth, the percentages
of cavitation for the same scenario were 2%, 2.9%, 28.3%, and 95.5%, respectively.

Previous studies [8-117 evaluated decision-making regarding interproximal carious lesions at different
progression stages in primary and/or permanent teeth, using schematic diagrams and bite-wing radiographs,
conducted by professionals and dental students in various countries. In general, there are variations in the results
regarding the moment/stage at which the decision to perform invasive treatment in interproximal carious lesions
is made. A recent study showed that less severe lesions and clinical experience influence decision-making [127].
Despite the variability in decision-making reported in the literature, Pitts and collaborators developed a specific
guide for practices in individual- and tooth-level caries diagnosis and management [137].

In some situations, the information derived from schematic drawings, usually used in books and classes,
does not correspond to the same information when radiographs are evaluated, even if they bring the same
information. Thus, this study aimed to assess the decision-making treatment for different interproximal carious
lesion stages in permanent and deciduous teeth, comparing the results with those shown in schematic diagrams

and radiographs, among dental students from public and private dental schools.

B Material and Methods
Study Design, Sample and Ethical Clearance

The sample for this cross-sectional study consisted of dental students enrolled at two higher education
institutions in the city of Santa Maria a public (Federal University of Santa Maria) and a private (Franciscan
University) institution. Before the study, the respective curriculum grid was evaluated together with the
coordinator of each course to determine the disciplines encompassing the programmatic contents of cariology
and radiology. Thus, all students who had already been approved by the disciplines comprising cariology and
radiology were considered eligible. Those who agreed to participate and signed the free informed consent form
were included. The data was collected between March and August 2019 from all eligible students in the two
institutions. This research was approved by the Committee of Ethics in Research in Human Beings of the

Franciscan University (Protocol n. 299.2011.2).

Questionnaires

A questionnaire was structured from a pilot study and then applied to the students. Demographic
variables and the year of the course were collected. Two diagrams, one for deciduous teeth and one for permanent
teeth, each with five schemes simulating five different stages of interproximal carious lesions (external third of
enamel, internal third of enamel, enamel-dentin junction (EDJ), external third of dentin and internal third of

dentin), and photographs of radiographs from deciduous and permanent teeth with interproximal caries lesions
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(deciduous = carious lesion on the distal face of the right lower first molar / permanent = carious lesion on the
distal face of the right upper second premolar) with the same stages mentioned in the schematic diagrams were
presented to the students (Figure 1A, 1B and 1C). For the radiographs, additional patient information was
available. Deciduous tooth, 6-year-old child (dmft = 1) and permanent tooth, 15-year-old adolescent (dmft = 1).
For all diagrams and radiographs of deciduous and permanent teeth, a question to check the decision-making
was performed: From what stage of the interproximal carious lesion progression do you believe that immediate

restorative treatment should be made?

A Primary teeth Permanent teeth
A B C A B C
V6 &) |
D E D E

A - Lesion involving the external third of enamel. B - Lesion involving two-thirds of the enamel. C - Lesion at the enamel-dentinal
Jjunction level. D - Lesion involving the external third of dentine. E - Lesion involving two-thirds of the dentin.

Figure 1. Diagrams and radiographs were presented to academics. Figure 1A — Diagrams. Figure 1B —
Radiographs — Primary teeth. Figure 1C — Radiographs — Permanent teeth.

For the questionnaire application, the students were in a large room and had the diagrams and
questionnaires printed on high-quality paper, as they would for a test. All questions were administered
simultaneously, all data were collected individually, and the test was administered by another professor unrelated
to the study to prevent the researcher from influencing responses. The questions concerned the stage of the

lesion and the decision about whether immediate restorative treatment was indicated.

Data Analysis
According to the institution, the therapeutic decision for each diagram or radiograph was described in

absolute and relative frequencies. The carious lesion was dichotomized by progression (external to EDJ/internal
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to EDJ; the option "EDJ" was considered external for EDJ in the dichotomization) and described for both
institutions. Associations were tested using the chi-square test and odds ratios (in this case, they resemble
prevalence reasons) and were calculated considering the therapeutic decision according to the dichotomized
intervention (external to the EDJ/internal to the EDJ) as the outcome and the type of institution (public/private)
as an independent variable for both diagrams and radiographs. Data were analyzed using SPSS (IBM Corp.,
Armonk, NY, USA) version 22.0.

B Results

Of the 442 eligible students, 186 (42.1%) were from the private school and 256 (57.9%) from the public
school. The response rate was 356 students (80.5%), comprising 172 (67.2%) from public schools and 184 (98.9%)
from private schools. For gender, 240 (67.4%) were female, and 116 (82.6%) were male; ages ranged from 18 to
46 years, with a mean of 22.28 (£3.07).

The frequencies of the responses for public and private schools about the stage of the proximal carious
lesion in which the immediate restorative treatment should occur, according to the diagram and radiograph, are
presented in Table 1, and the frequencies of the dichotomized responses (external to EDJ/internal to EDJ) are
presented in Table 2. For the private school, the immediate restoration decision when the lesion was external to
the EDJ was chosen by approximately 70%, 58%, 68%, and 39% in the permanent diagram, deciduous diagram,
and radiograph of the deciduous, respectively. These percentages were 58%, 45%, 71%, and 38% for public
schools, respectively.

Table 2 provides information on the likelihood of immediate restorative decision-making when the
carious lesion is external to the EDJ, and the diagrams were analyzed. Table 3 shows the same information when
the radiographs were evaluated. Regarding the public schools, students from private institutions have a 60% (OR
1.66, CI95% 1.1-2.5) greater chance and a 78% greater chance (OR 1.73, CI95% 1.1-2.6) of restoring external
lesions to EDJ when analyzed in deciduous and permanent tooth diagrams, respectively. However, considering
the radiographs of deciduous and permanent teeth, there are no significant differences in the pattern of responses

between the two institutions.

Table 1. Absolute and relative frequencies to decision making by immediate intervention according to
the type of institution.

Institution Stage of Lesion Diagram Radiography
Permanent Tooth Deciduous Tooth Permanent Tooth Deciduous Tooth
N (%) N (%) N (%) N (%)

Private External Third of Enamel 13 (7.1) 4(2.2) 8 (4.3) 7(8.8)
Internal Third of Enamel 39 (21.2) 29 (15.8) 43 (23.4) 20 (10.9)
EDJ 78 (42.4) 74 (40.2) 74 (40.2) 45 (24.5)
External Third of Dentin 43 (23.4) 66 (35.9) 48 (26.1) 87 (47.8)
Internal Third of Dentin 11 (6.0) 11 (6.0) 11 (6.0) 25 (13.6)
External EDJ* 130 (70.6) 107 (58.0) 125 (67.9) 72 (39.1)
Internal EDJ* 54 (29.4) 77 (42.0) 59 (82.1) 112 (60.9)

Public External Third of Enamel 11(6.4) 4(2.3) 7 (4.1) 1(0.6)
Internal Third of Enamel 25 (14.5) 13 (7.6) 36 (20.9) 17 (9.9)
EDJ 64 (37.2) 61 (85.5) 79 (45.9) 48 (217.9)
External Third of Dentin 67 (39.0) 86 (50.0) 48 (27.9) 95 (55.2)
Internal Third of Dentin 5(2.9) 8 (4.7) 2(1.2) 11(6.4)
External EDJ* 100 (58.1) 78 (45.0) 122 (70.9) 66 (38.4)
Internal EDJ* 72 (41.9) 94 (55.0) 50 (29.1) 106 (61.6)

*Dichotomized answers in external EDJ (external third of enamel, internal third of enamel, and EDJ) and internal EDJ (external third of
dentin and internal third of dentin).
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Table 2. Decisions of immediate intervention externally to the EDJ of the private schools in reference to the public, considering the diagrams according to the
type of institution.

Institution N Diagrams Deciduous Tooth Diagrams Permanent Tooth
External EDJ p-value* OR CI 95% External EDJ p-value* OR CI 95%
N % N %
Private 184 107 58.15 0.019 1.675 1.10-2.54 1380 70.6 0.015 1.73 1.11-2.68
Public 172 78 45.8 100 58.13

Table 3. Decisions of immediate intervention externally to the EDJ of the private schools in reference to the public, considering the radiographs according to
the type of institution.

Institution N Radiograph Deciduous Tooth Radiograph Permanent Tooth
External EDJ p-value* OR CI 95% External EDJ p-value* OR CI 95%
N % N %
Private 184 72 39.18 0.914 1.08 0.67-1.58 125 67.2 0.56 0.86 0.55-1.36
Public 172 66 38.3 122 70.9

Table 4 shows the association between decision-making based on diagrams versus radiographs for deciduous and permanent teeth. Although the stages of carious
lesions were the same in the diagrams and radiographs (Figure 1), significant differences were observed in the patterns of responses to dichotomous restorative decision-

making across the two institutions.

Table 4. Association between immediate intervention decision based on the diagram and radiograph according to the institution.

Radiograph Deciduous Radiograph Permanent
Institution Ext EDJ Int EDJ p-value* Ext EDJ Int EDJ p-value*
N N N N
Private Diagram Deciduous Ext EDJ 5% 58 <0.001 Diagram Permanent Ext EDJ 109 21 <0.001
Int EDJ 18 59 Int EDJ 16 38
Public Ext EDJ 46 &2 <0.001 Ext EDJ 87 18 <0.001
Int EDJ 20 T4 Int EDJ 35 37

Ext EDJ = External to enamel-dentin junction; Int EDJ = Internal to enamel-dentin junction; p*: Chi-square test; 5% significance level.

H Discussion
The present study evaluated and compared decision-making treatments based on information from different stages of proximal carious lesions at two dental education
institutions (private vs. public). In the association between schools (public and private) and therapeutic decision, a difference was observed in students' responses to deciduous

and permanent dental diagrams, with the highest chance of intentional invasive intervention among private students, with ORs of 67% for the deciduous diagram and 73%
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for the permanent diagram. When these dental students evaluated the radiographs of deciduous and permanent
teeth, there was no difference in the frequency of responses between schools. However, in permanent teeth
radiographs, the academics of both schools mainly chose to restore external to EDJ.

The classification of an interproximal lesion depends on the extent of penetration into dental tissues.
The present study divided penetration into an external third of enamel, an internal third of enamel, the enamel-
dentin junction (EDJ), an external third of dentin, and an internal third of dentin [4,6,77. In the questionnaire
administered, the clinical profile of patients was described, including age and dmft, providing the necessary
support for the restorative therapeutic decision. Radiographic information was exemplified by diagrams and
photographs of radiographs for both deciduous and permanent teeth. Using radiographs to diagnose
interproximal caries lesions is highly specific. However, the amount of demineralized material compromises its
sensitivity, making it difficult to obtain a reliable radiographic record; therefore, it is always recommended to be
used in conjunction with the clinical examination [67].

Bervian et al. [77] reported similar results when evaluating six private and three public schools, finding
a 72% higher likelihood that students from private schools opted for restorative treatment in the permanent
dentition with a caries lesion external to the EDJ than did students from public schools. The authors note that
differences in dental philosophy between public and private schools may account for the results and that no
previous literature comparing public and private schools was found, which makes it more challenging to establish
the reason for this observation. This difference in teaching philosophies can also contribute to the diversity of
responses in the present study. However, in the private school in our study, cariology is taught alongside
Pediatric Dentistry. Its concepts are not revisited in theoretical classes later, leading students to have a strong
tendency to make a less precocious restorative decision in deciduous teeth than in permanent ones, probably
because they relate preventive concepts only to deciduous teeth. In public schools, cariology is taught separately,
which may help students understand the concepts applied to deciduous and permanent teeth.

The lack of association between the answers obtained when comparing deciduous diagrams and
radiographs indicates a lack of academic consensus regarding the relationship between theoretical knowledge
and clinical application. However, especially in private schools, despite alternation in responses, when the
radiograph was analyzed, students tended to delay the decision to perform an invasive intervention, which is
evaluated positively because it is used to diagnose interproximal lesions rather than a schematic diagram. On the
other hand, when this association was evaluated in responses to permanent teeth, an inverse effect occurred,
especially among public school students, with the frequency of responses increased outside EDJ for radiographic
evaluation. The temporality of deciduous teeth relative to permanent teeth may affect academic decisions. They
opt to delay the restorative intervention since exfoliation will occur quickly. This fact probably explains the
higher frequency of responses to invasive intervention in permanent teeth and the change in frequency when the
correlations between diagrams and radiographs were evaluated. Irrespective of the cause, it is worrisome, mainly
because radiographs are highly accurate for cavitated proximal lesions and more suitable for detecting more
advanced caries lesions [147]. Thus, the teaching process must be re-evaluated if the early intervention is based
on radiograph assessment.

Previous studies, such as Traebert et al. [67, investigate when the therapeutic decision is made by
trained dentists who underwent additional study after graduation, such as specializations in cariology and
pediatric dentistry. Of those, 16.7% would undergo invasive intervention for caries lesions confined to the

external enamel, and 83.8% for lesions in the internal enamel without involvement of the enamel-dentin junction.
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The percentage who would perform the invasive intervention in the external half of dentin was 91%. Dentists
with some form of training tended to take a more conservative approach than those without, underscoring the
importance of continuing education. The influence of expertise in cariology and restorative dentistry was also
shown by Signori et al. (157, who found that general practitioners adopted a less conservative approach than
experts.

In 2008, Ghasemi et al. [16] conducted a study to assess which progression stage of a proximal caries
lesion dentists indicated as requiring invasive treatment. Two different scenarios were considered: low and high
caries risk. Among high caries-risk individuals, 77% indicated that the proximal lesion was still in enamel,
without dentin involvement. For the low caries risk scenario, 32% indicated invasive treatment in the same
situation. The authors concluded that dentists had a clear preference for restoring teeth in the early stages of
caries evolution, underscoring the need for increased preventive measures for the treatment of dental caries in
both undergraduate and continuing education programs. Another study analyzed American dentists who
regularly worked in clinics and the decision to restore based on the depth of proximal carious lesions, using
schematic diagrams simulating different stages of proximal caries lesions and previous information about the
simulated patient. Among high caries-risk patients, 66% indicated restoration in lesions still in enamel without
dentin penetration. In comparison, 24% indicated restoration when the progression of the proximal lesion was
in the external third of dentin. The rates for patients with low caries risk were 39% and 54%, respectively. The
authors concluded that a large group of dentists is less likely to restore proximal lesions only in enamel despite
the caries risk profile of patients [87]. On the other hand, studies such as those by Pitts and Rimmer [27] showed
a low cavitation rate in lesions of deciduous and permanent teeth that were radiographically limited to the EDJ.
Nonetheless, it is essential to emphasize that using criteria can help students adopt a less interventionist
approach [177].

The results of our study should be carefully examined, particularly because only diagrams and
radiographs were used to make the decision. We are aware that, clinically, there are several methods and
instruments for carious lesion detection and approaches to it (18,197, and even specialists can change treatment
after radiographic analysis [207], demonstrating the importance of investigating the best way to teach caries
management during graduation.

It is necessary to evaluate the philosophies and teaching approaches being developed by undergraduate
professors and how this knowledge is understood and reproduced by academics to promote greater homogeneity
among students and, consequently, dentists. Invasive interventions must be better grounded in scientific
knowledge, with evidence-based practice. It is extremely necessary that methods such as the International Caries
Detection and Assessment System (ICDAS) and the International Caries Classification and Management System
(ICCMS) are exhaustively taught in dental schools, and that continuing education for dentists is provided to

reduce unnecessary interventions in caries management.

B Conclusion

‘When diagrams and radiographs of permanent teeth were evaluated, students from both schools showed
a high frequency of responses to early invasive intervention (external to EDJ) for interproximal caries lesions,
with a higher frequency in private schools. Only in deciduous teeth was radiographic evaluation associated with

a higher prevalence of late intervention (internal to EDJ).
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