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Abstract

Background
Radiographic interpretation is an essential component of diagnostic competency in endodontic
education because it enables assessment of treatment quality, identification of procedural
complications, and informed clinical decision-making. This study aimed to evaluate the radiographic
diagnostic competency of final-year dental students by comparing their assessments of endodontic
treatment quality with those of academic staff.

Methods
This cross-sectional observational study included 54 final-year dental students. Fifty-four postoperative
periapical radiographs of root canal treatments performed during fourth-year clinical endodontic training
were randomly selected. All radiographs had been previously assessed by academic staff using a
structured clinical assessment rubric. Students independently evaluated anonymized postoperative
periapical radiographs using the same rubric. Differences between scores were analyzed using the
Wilcoxon signed-rank test, and agreement was assessed using the intraclass correlation coefficient
(ICC).

Results
The mean student score was 6.15 ± 2.06, whereas the mean academic staff score was 5.44 ± 2.46.
Students assigned significantly higher scores than academic staff (p = 0.035). Agreement between
student and academic staff assessments was fair (ICC = 0.437; p < 0.001). Subgroup analysis showed
no statistically significant differences according to procedural complication status.

Conclusion
Final-year dental students demonstrated fair agreement with academic staff in the radiographic
assessment of endodontic treatment quality. However, students tended to assign more favorable scores
than academic staff, suggesting a tendency to overestimate treatment quality during radiographic
assessment. These findings emphasize the importance of strengthening radiographic interpretation
skills during undergraduate endodontic education to better prepare students for independent clinical
decision-making.

Background
Accurate radiographic interpretation is a fundamental component of successful endodontic practice. It
enables clinicians to evaluate treatment quality, identify procedural complications, assess treatment
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prognosis, and make appropriate clinical decisions (1). Therefore, the ability to critically assess
postoperative radiographs represents an essential diagnostic competency that should be developed
during undergraduate education before independent clinical practice (2).

Undergraduate endodontic education aims not only to develop students' technical skills in performing
root canal treatment but also to prepare them to independently evaluate treatment outcomes (1, 3). In
Türkiye, undergraduate dental education follows a five-year curriculum. Accordingly, final-year dental
students who have successfully completed both their preclinical and clinical endodontic training are
expected to possess sufficient theoretical knowledge, technical skills, and diagnostic judgment to
accurately interpret postoperative radiographs before graduation and entry into independent clinical
practice (2).

Assessment of diagnostic competency in clinical endodontic education is commonly based on the
radiographic evaluation of completed root canal treatments (4). Postoperative periapical radiographs
provide essential information regarding treatment quality by allowing assessment of apical termination,
canal taper, and obturation quality (5). In addition, accurate radiographic interpretation enables the
detection of procedural complications such as perforation, instrument separation, and canal
transportation, which may substantially affect treatment prognosis, retreatment planning, and referral
decisions. However, despite the use of predefined evaluation criteria, radiographic assessment remains
partly dependent on the evaluator's clinical experience and diagnostic judgment, which may result in
variability between assessors (6, 7).

To improve objectivity in undergraduate assessment, structured clinical rubrics have been increasingly
incorporated into dental education. These analytical assessment systems standardize scoring by
providing predefined technical criteria for the systematic assessment of treatment outcomes (8).
Nevertheless, standardized assessment tools cannot eliminate differences in clinical judgment, and it
remains uncertain whether students who have completed their clinical endodontic training interpret
postoperative radiographs in a manner comparable to experienced academic staff (9).

Although previous studies have investigated rubric-based assessment systems, examiner agreement,
and methods for evaluating technical quality in dental education, limited evidence is available regarding
the diagnostic competency of final-year dental students in independently interpreting the radiographic
quality of clinical endodontic treatments after completing their clinical internship (10). Furthermore, it
remains unclear whether the radiographic assessments of final-year dental students are comparable to
those of experienced academic staff under routine educational conditions (3, 11). Therefore, the present
study evaluated whether final-year dental students who had completed their clinical endodontic
internship were able to independently interpret the radiographic quality of endodontic treatments at a
level comparable to academic staff. This approach provides valuable evidence regarding students'
readiness for independent clinical practice (12).

Therefore, this study aimed to evaluate the radiographic diagnostic competency of final-year dental
students following clinical endodontic training by comparing their independent assessments of clinical
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endodontic treatment quality with those of academic staff (3, 7, 13). Agreement between student and
academic staff assessments was used as an indicator of students' diagnostic competency in
radiographic interpretation. The null hypothesis was that no significant differences would exist between
student and academic staff assessments (5, 11, 14, 15).

Materials and Methods
Study Design and Ethical Approval

This cross-sectional observational study was designed to evaluate the radiographic diagnostic
competency of final-year dental students by comparing their assessments of the radiographic quality of
clinical endodontic treatments with those of academic staff. The study was conducted using archived
radiographic records and educational assessment data and did not involve any additional clinical
intervention.

Ethical approval for the study was obtained from the Ethics Committee of the Faculty of Dentistry,
Necmettin Erbakan University (Decision No: 2026/842; Application ID: 31910). Written informed consent
was obtained from all participating students prior to their inclusion in the study. The study was
conducted in accordance with the principles of the Declaration of Helsinki and applicable scientific
research ethics guidelines.

Participants

Fifty-four volunteer fifth-year dental students who had successfully completed their clinical endodontic
internship were included in the study.

The minimum required sample size was calculated as 40 participants using G*Power software (v3.1.9.7)
based on an anticipated moderate effect size (0.40), statistical power of 80%, and a significance level of
α = 0.05. To increase the robustness of the statistical analysis, a total of 54 participants were ultimately
included in the study.

All participants had previously performed clinical root canal treatments during their undergraduate
clinical endodontic training. Participation was voluntary, and all data were collected anonymously.
Participant identities were kept confidential throughout the study.

Case Selection

Fifty-four clinical root canal treatment cases previously performed by the same student cohort during
their fourth-year undergraduate clinical endodontic training were selected from the institutional clinical
archives using a computer-generated randomization sequence. All cases were anonymized and
presented in a numbered format prior to assessment. Because cases were allocated randomly,
participants could potentially evaluate a case they had previously treated. However, all radiographs were
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anonymized, presented in a blinded numbered format, and students were unaware of the case identity
during assessment. 

Case selection was performed according to the following inclusion criteria:

• availability of complete radiographic records, including both preoperative and postoperative periapical
radiographs;

• adequate radiographic image quality for assessment;

• completed root canal obturation procedures;

• availability of archived academic staff assessment forms.

Differences in the interpretation of radiographically detectable procedural complications, as well as
cases in which radiographic findings were incorrectly interpreted as complications despite their absence,
were intentionally retained as part of the study design.

Radiographic Assessment Procedure

All selected cases had previously been evaluated by academic staff using a structured clinical
assessment rubric as part of routine clinical education. These evaluations served as the reference
standard for comparison. Participating students were blinded to the original academic staff scores
throughout the evaluation process.

Each participating student was randomly assigned a single radiographic case for evaluation.
Accordingly, each of the 54 selected clinical cases was independently evaluated by a single final-year
student, and the student scores were subsequently compared with the original academic staff scores
previously assigned to the same case.

For the present study, only anonymized postoperative periapical radiographs were presented to the
participating fifth-year students for evaluation, as the assessment focused exclusively on the
radiographic quality of the completed endodontic treatment. Preoperative radiographs were used solely
during case selection to confirm the completeness of the clinical records but were not included in the
evaluation process. Prior to evaluation, students were briefly reminded of the rubric criteria; however, no
calibration session, sample case discussion, or reference scoring exercise was performed. No time limit
was imposed during the evaluation process.

Assessment parameters related to behavioral performance and clinical procedures requiring direct
chairside observation were excluded from the analysis because the retrospective design of the study
allowed evaluation exclusively through archived radiographic records and documented treatment
outcomes.

Assessment Rubric
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The structured assessment rubric used in the study was routinely employed in undergraduate clinical
endodontic education for the evaluation of technical treatment quality. The rubric was developed
according to fundamental endodontic treatment objectives and radiographic quality criteria
(Supplementary File 1).

The evaluated parameters included:

• apical termination level of the root canal filling;

• canal taper and conical form;

• quality and homogeneity of root canal obturation.

Each parameter was scored according to predefined institutional grading criteria. Radiographically
detectable procedural complications such as perforation, instrument separation, or canal transportation
were considered critical treatment errors. In cases where such complications were identified, the total
score assigned to the case was reduced by 50%.

Statistical Analysis

All collected data were transferred to SPSS software (version 25.0; IBM Corp., Armonk, NY, USA) for
statistical analysis. Descriptive statistics were calculated for both academic staff and student
assessment scores and are presented as mean ± standard deviation, median, and minimum–maximum
values.

The normality of score distributions was evaluated using both the Kolmogorov–Smirnov and Shapiro–
Wilk tests. Since the data were not normally distributed, differences between paired student and
academic staff scores were analyzed using the Wilcoxon signed-rank test. Agreement between student
and academic staff scores was assessed using a two-way mixed-effects, absolute-agreement intraclass
correlation coefficient (ICC).

In addition, subgroup analysis was performed according to the presence or absence of radiographically
detectable procedural complications to determine whether procedural complications influenced score
discrepancies between student and academic staff evaluations. Statistical significance was set at α =
0.05.

Results
A total of 54 paired evaluations were included in the statistical analysis. Normality analysis using the
Kolmogorov–Smirnov and Shapiro–Wilk tests demonstrated that neither the student nor the academic
staff score distributions followed a normal distribution (all p < 0.001) (Table 1). Therefore, non-
parametric statistical methods were used for all subsequent analyses.
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Table 1
Normality analysis of student and academic staff evaluation scores.

Group Kolmogorov–Smirnov statistic p Shapiro–Wilk statistic p

Student 0.260 < 0.001 0.811 < 0.001

Academic Staff 0.219 < 0.001 0.866 < 0.001

Descriptive statistics for the student and academic staff evaluation scores are presented in Table 2.
Final-year dental students assigned a higher mean score (6.15 ± 2.06) than the academic staff (5.44 ± 
2.46). The median score was 6.00 for both groups, with score ranges of 2–8 for students and 0–8 for the
academic staff.

Table 2
Descriptive statistics of student and academic staff

evaluation scores.
Group Mean ± SD Median Min-Max

Student 6.15 ± 2.06 6 2–8

Academic Staff 5.44 ± 2.46 6 0–8

Comparison of paired scores using the Wilcoxon signed-rank test revealed a statistically significant
difference between student and academic staff evaluations (Z = − 2.105, p = 0.035). Final-year dental
students assigned significantly higher scores than the academic staff (Table 3).

Table 3
Comparison of student and
academic staff scores and

agreement analysis.
Parameter Value

Wilcoxon Z -2.105

p 0.035

ICC 0.437

95% CI 0.194–0.630

ICC p < 0.001

Intraclass correlation coefficient (ICC) analysis demonstrated a fair level of agreement between student
and academic staff evaluations (ICC = 0.437; 95% CI: 0.194–0.630; p < 0.001).

Subgroup analysis according to procedural complication status showed no statistically significant
differences between student and academic staff scores in either cases without procedural
complications (p = 0.070) or cases with procedural complications (p = 0.233) (Table 4).
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Table 4
Subgroup analysis of student and academic staff scores according to

procedural complication status.
Group Student Mean ± SD Academic Mean ± SD p

No complication 6.49 ± 1.80 6.00 ± 1.89 0.070

Complication 3.86 ± 2.34 1.71 ± 2.75 0.233

Comparison of the score discrepancies between the two procedural complication subgroups showed no
statistically significant difference (p = 0.148).

Discussion
The present study evaluated the radiographic diagnostic competency of final-year dental students in
interpreting postoperative endodontic radiographs and compared their evaluations with those of
academic staff (16). The findings demonstrated a fair level of agreement between student and academic
staff assessments (17). However, a statistically significant difference between the two groups was
observed, with students tending to assign higher scores than academic staff (18). These findings
suggest that although students approaching graduation demonstrate a fair level of agreement with
academic staff, their radiographic evaluations still differ from those of experienced academic staff (2).

Previous studies evaluating structured assessment systems in dental education have suggested that
rubric-based evaluation may improve scoring consistency and contribute to greater objectivity during
clinical assessment (8, 11). The findings of the present study are generally consistent with these
observations. However, the level of agreement observed in the present study remained only fair,
suggesting that although final-year students develop basic radiographic assessment skills, their
evaluation patterns may still differ from those of experienced academic evaluators (19).

One of the most important findings of the present study was that final-year dental students assigned
significantly higher scores than academic staff. This difference may reflect variations in evaluation
thresholds between inexperienced and experienced evaluators. Academic staff members may apply
stricter quality criteria based on their accumulated clinical experience and greater familiarity with subtle
technical deficiencies that may influence long-term treatment prognosis. In contrast, students may focus
primarily on more obvious radiographic features while overlooking minor deficiencies that experienced
evaluators consider clinically relevant when assessing treatment quality (20).

Although subgroup analysis did not demonstrate statistically significant differences according to
procedural complication status, the educational importance of accurate radiographic interpretation
extends beyond the findings of the present study. Accurate radiographic interpretation directly influences
diagnostic accuracy and plays a fundamental role in identifying treatment-related procedural
complications. In daily clinical practice, failure to recognize such complications may lead to delayed
recognition of treatment failure, inaccurate prognosis assessment, and inappropriate treatment planning
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(19). Furthermore, accurate detection of procedural errors is essential for determining the indication for
nonsurgical endodontic retreatment and deciding whether referral to an endodontic specialist is required
(21). Therefore, strengthening students’ radiographic interpretation skills during undergraduate
education may contribute not only to improved academic performance but also to safer clinical decision-
making and more appropriate referral to endodontic specialists after graduation (15).

From an educational perspective, these findings suggest that undergraduate endodontic education
successfully develops students’ general radiographic evaluation skills; however, additional emphasis
may be necessary to strengthen students' radiographic interpretation and diagnostic decision-making
skills (5). Greater exposure to failed treatment cases, complication-based case discussions, and
structured radiographic interpretation exercises may help improve students’ diagnostic confidence
before graduation (6). Particular emphasis should be placed on exposing students to failed endodontic
cases and radiographic findings that require referral-based clinical decision-making.

Several limitations of the present study should be acknowledged. First, each participant evaluated only a
single clinical case, which did not allow assessment of intra-individual scoring consistency across
multiple treatment scenarios. Second, although all radiographs were anonymized, students could
potentially have evaluated cases they had previously treated during undergraduate clinical training. Third,
the study was conducted at a single institution, which may limit the generalizability of the findings to
other undergraduate dental education settings. Fourth, students did not undergo a calibration session
before evaluation, which may have contributed to inter-individual variability in scoring. Finally, the
evaluation was based exclusively on postoperative radiographs and therefore did not incorporate
additional clinical factors that may influence comprehensive treatment assessment.

Conclusions
Within the limitations of this study, final-year dental students who successfully completed their clinical
endodontic internship demonstrated a fair level of agreement with academic staff in the radiographic
evaluation of root canal treatment quality. Although students were generally able to assess overall
treatment quality in a manner comparable to that of academic staff, they tended to assign significantly
higher scores, suggesting that differences in radiographic interpretation remain.

Although no statistically significant differences were observed according to procedural complication
status, accurate radiographic interpretation remains essential for appropriate diagnosis and clinical
decision-making. The tendency of students to assign higher scores than academic staff suggests that
radiographic evaluation skills continue to develop with increasing clinical experience.

These findings emphasize that accurate radiographic interpretation is an essential diagnostic skill for
clinical decision-making before independent dental practice.

Abbreviations
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ICC: Intraclass Correlation Coefficient

SD: Standard Deviation
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