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Abstract
Introduction  Case allocation in undergraduate dental education must balance student learning with patient safety. 
The Endodontic Complexity Assessment Tool (E-CAT) provides an objective framework for categorizing non-surgical 
endodontic cases by difficulty. This study aimed to evaluate the predictive value of E-CAT scores for procedural 
complications and postoperative pain (PP) in root canal treatments performed by undergraduate dental students.

Materials and methods  This study was a prospective observational clinical cohort study. A total of 160 patients 
undergoing primary RCT on mandibular or maxillary molars diagnosed with irreversible pulpitis or pulp necrosis and 
symptomatic/asymptomatic apical periodontitis were included. Cases were scored using the E-CAT, categorizing 
complexity as low, moderate, or high. RCT were performed by 5th-year dental students under supervision. Procedural 
complications were recorded. PP was assessed preoperatively, and at 1-, 3-, 5-, and 7-days post-treatment using a 
visual analog scale. Data were analyzed statistically using Spearman correlation, Cramér’s V, Chi-square, Kruskal-Wallis, 
Friedman tests, and Multivariable regression analyses (p < 0.05).

Results  A total of 160 patients (50.6% female; mean age: 27.8 ± 10.9 years) were included. Most of the cases (55%) 
were categorized as moderate complexity (E-CAT score 6–11). Higher E-CAT scores were associated with longer 
treatment durations (r = 0.21), more treatment sessions (r = 0.24), and increased procedural complications, particularly 
file separation (Cramér’s V = 0.251) and working length loss (V = 0.216). However, in adjusted count modeling, E-CAT 
did not independently predict the overall number of complications. Patients with higher E-CAT scores reported 
significantly greater PP on day 1 (p < 0.001) and required more postoperative analgesics (22.6% low vs. 73.7% high 
complexity, p < 0.001). PP reporting was slightly higher in complex cases, though without statistical significance 
(p = 0.067). Anatomical complexity, especially reduced canal visibility (V = 0.262) and apical morphology (V = 0.202), 
showed the strongest associations with PP.

Conclusion  E-CAT scores predicted both technical and patient-reported outcomes in undergraduate root canal 
treatments. Incorporating E-CAT into undergraduate curricula may improve case allocation, support individualized 
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Introduction
In undergraduate dental education, the management 
of endodontic cases represents a critical intersection 
between student learning, patient safety, and treat-
ment outcomes. Students’ limited clinical experience 
may result in difficulties when managing complex cases, 
increasing the risk of procedural complications and 
postoperative discomfort for patients. Ensuring that stu-
dents are allocated cases aligned with their skill level is 
therefore essential, both to safeguard patient care and 
to provide meaningful educational experiences. To sup-
port this process, structured case difficulty assessment 
tools have been developed, including the Restorative 
Index of Dental Treatment Need (RIOTN), EndoApp, 
Dutch Endodontic Treatment Index (DETI), and End-
odontic Treatment Classification (ETC). More recently, 
the Endodontic Complexity Assessment Tool (E-CAT), 
developed by Essam [1], has emerged as a validated, digi-
tal tool designed to objectively categorize the complexity 
of non-surgical endodontic cases by considering patient- 
and tooth-specific factors [1]. By facilitating more accu-
rate identification and anticipation of clinical challenges, 
E-CAT has the potential to positively influence treatment 
outcomes, including reducing the incidence of proce-
dural complications as well as the incidence and severity 
of postoperative pain (PP) among undergraduate dental 
trainees [2].

Dental pain is a primary factor motivating patients to 
seek dental care. However, experiencing postoperative 
pain (PP) following procedures such as root canal treat-
ment (RCT) may negatively influence their willingness 
to pursue future dental treatments [3]. While RCT is 
generally effective in relieving tooth pain and enhancing 
patient comfort and satisfaction [3–7], approximately 
25% of patients report that PP significantly disrupts their 
daily activities [3, 8, 9]. PP typically arises from an acute 
inflammatory response triggered by mechanical, chemi-
cal, or microbiological injuries to the periapical and peri-
odontal tissues [7]. Its intensity usually peaks within the 
first 48 h post- treatment and gradually subsides there-
after [10–15]. The reported prevalence of PP in the lit-
erature varies widely, from 3% to 58%, influenced by 
numerous factors such as patient demographics (e.g., age, 
sex), tooth-specific clinical parameters (e.g.,preoperative 
pulp status, tooth type), procedural variables (e.g., irrig-
ant type and concentration, instrumentation technique), 
case complexity, and operator experience [16–23].

Although previous research has assessed the relation-
ship between E-CAT scores and procedural complica-
tions in undergraduate training [2], this study has largely 
focused on technical outcomes. Our study extends this 
work by evaluating both technical outcomes and patient-
centered measures—such as the progression of PP and 
analgesic consumption—following treatments performed 
by undergraduate students. Therefore, the aim of this 
study was to investigate whether higher E-CAT scores, 
indicative of greater clinical complexity, are associated 
with increased rates of procedural complications, higher 
PP intensity, and greater analgesic use in patients treated 
by fifth-year undergraduate dental students.

Materials and methods
Study design
This study was a prospective observational clinical cohort 
study approved by the Recep Tayyip Erdoğan University 
Non-Interventional Ethics Committee on Recep Tayyip 
Erdogan University (Approval No: 2025/38). The research 
was conducted at the Department of Endodontics, Fac-
ulty of Dentistry, Recep Tayyip Erdogan University, from 
February 2025 to June 2025. All procedures adhered 
strictly to ethical guidelines, and written informed con-
sent was obtained from both participating patients and 
dental students, in accordance with the principles of the 
Declaration of Helsinki.

The inclusion criteria were as follows:

 	– primary root canal treatment.
 	– mandibular or maxillary molars requiring 

endodontic therapy.
 	– pulp diagnosis of irreversible pulpitis.
 	– Pulp diagnosis of pulp necrosis combined with a 

periapical diagnosis of symptomatic or asymptomatic 
apical periodontitis.

The exclusion criteria were as follows:

 	– acute periapical abscess.
 	– teeth requiring additional restorative or surgical 

interventions.
 	– emergency-only visits/interventions (e.g., pain/

swelling relief procedures such as access opening, 
pulpotomy/pulpectomy, or drainage without 
completion of definitive RCT at that visit).

 	– pregnant women.
 	– patients with severe anxiety or poor cooperation.

supervision, and enhance competency-based learning by aligning case complexity with student ability while 
reducing complications.
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 	– subjects unable to comply with post-treatment 
follow-up visits.

 	– teeth with any previous endodontic access, 
instrumentation, or root canal treatment (including 
retreatment).

 	– patients who reported using systemic analgesics, 
antibiotics, corticosteroids, or other anti-
inflammatory drugs prior to treatment.

All teeth were diagnosed by means of patient’s history, 
pulp sensibility tests and digital periapical radiographs 
(radiolucent area around one or more root tips of the 
affected tooth).

Sample size calculation
Given the lack of similar prior studies, a medium effect 
size (0.5) was assumed, and the target statistical power 
was set at 90%. The analysis was performed using 
G*Power software with a significance level set at α = 0.05, 
considering a correlation analysis and a two-tailed 
hypothesis test. The minimum required sample size was 
determined to be 85 participants.

E-CAT case difficulty classification
Prior to the study, an instructor (A.Ö.) conducted a pilot 
assessment using representative sample cases to verify 
accurate evaluation with the E-CAT system. To ensure 
reliability, an intra-observer consistency test was per-
formed. The instructor reassessed the same cases after 
a four-week interval. Statistical analysis comparing the 
initial and repeated assessments showed excellent agree-
ment (ICC > 0.80).

Each tooth was assessed using the E-CAT application 
(https://www.e-cat.uk/#/) before treatment by an ​e​x​p​e​r​
i​e​n​c​e​d instructor with over 10 years of clinical teaching 
experience [1]. Difficulty scores and corresponding cate-
gories for each case were determined and recorded based 
on the E-CAT criteria. The E-CAT system classifies cases 
into three difficulty levels, as follows [1]:

 	– Easy Case (Class 1: Score 0–5): Low-risk cases with 
minimal potential for complications.

 	– Moderately Difficult Case (Class 2: Score 6–11): 
Cases requiring intermediate skills, presenting a 
moderate risk of complications.

 	– Difficult Case (Class 3: Score 12 and above): 
Complex cases requiring advanced management 
skills, with a high risk of complications and adverse 
outcomes.

The primary questions utilized in the E-CAT assessment, 
along with additional follow-up questions based on initial 
responses, are provided in Supplemental Material 1.

Patient demographics, clinical data, and analgesic 
consumption
Demographic data including sex, age, education level, 
presence of systemic diseases, smoking status, and regu-
lar medication use were obtained through a standardized 
patient questionnaire administered prior to the proce-
dure. Diagnostic classifications (irreversible pulpitis, 
pulp necrosis and asymptomatic apical periodontitis, 
pulp necrosis and symptomatic apical periodontitis) were 
established based on clinical signs and symptoms, as well 
as radiographic evaluations, following the criteria of the 
American Association of Endodontists [24]. Tooth type 
(mandibular or maxillary molar) was recorded during 
clinical examination. Analgesic consumption data were 
collected during follow-up calls made for PP assessment 
using the Visual Analog Scale (VAS).

Technical and procedural complications encountered 
during treatment
Operators and standardized protocol
Treatments were performed by 47 fifth-year undergradu-
ate students (18 male and 29 female; mean age: 23.0 ± 1.3 
years) from the same academic cohort who received the 
same institutional preclinical and didactic endodon-
tic training and performed RCT as part of the routine 
supervised clinical curriculum. At our institution, stu-
dents enter the fifth-year clinical endodontic program 
after completing a minimum of 10 single-rooted root 
canal treatments during the fourth year. In the fifth year, 
they are additionally required to complete at least 10 
molar root canal treatments under supervision as part 
of the competency-based clinical curriculum. Therefore, 
all operators had a common minimum level of under-
graduate clinical exposure, although the exact number 
of previously completed root canal treatments for each 
individual student at the time of treating the study tooth 
was not recorded. To minimize procedural variability, a 
prespecified step-by-step protocol (including working-
length determination, instrumentation, irrigation regi-
men, obturation, and definitive restoration) was followed 
in all cases under direct instructor supervision. No addi-
tional study-specific preoperative practical test was con-
ducted to formally quantify baseline manual skill level.

After local anesthesia and rubber dam isolation, end-
odontic access cavity was prepared. Patency was con-
firmed with a #10 K-file, and working length (WL) was 
established 0.5–1.0  mm short of the radiographic apex 
using an electronic apex locator and a confirmatory 
radiograph. Canal preparation was performed using 
SCOPE-A 0.04-taper rotary Ni-Ti files (Gtech Dizayn 
Dental, Yozgat, Turkey) driven at 300  rpm and 1.5–2 
Ncm, in accordance with the manufacturer’s recommen-
dations. The sequence consisted of coronal preflaring fol-
lowed by glide path preparation and shaping to working 

https://www.e-cat.uk/#/
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length using progressively larger 0.04-taper instruments. 
Canals were shaped to a minimum apical size of ISO 
20/0.04, with further enlargement if clinically indicated, 
based on canal anatomy and initial apical diameter. Irri-
gation consisted of 2.5% NaOCl (~ 20 mL/canal) during 
instrumentation, followed by a final rinse of 17% EDTA 
(1 mL for 1 min) and saline. Following drying with paper 
points, canals were obturated via cold lateral condensa-
tion using an appropriate master cone and Adseal resin-
based sealer (Meta Biomed Co., South Korea). Definitive 
restorations were immediately completed using an adhe-
sive protocol and FGM paste composite (Dentscare 
Ltda., Brazil). Occlusion was adjusted, postoperative 
instructions were provided and a follow-up appointment 
scheduled.

Complication monitoring and management
Throughout the procedure, technical and procedural 
complications were documented. Although the docu-
mentation of complications was comprehensive and 
not limited to predefined categories, certain frequently 
observed complications were specifically monitored for 
statistical analysis. Specific complications monitored 
included:

 	• Faulty access cavity or perforation.
 	• WL loss (inability to re-establish the initial WL 

alongside loss of apical patency).
 	• Canal blockage (inability to progress apically due to 

debris).
 	• Ledge formation (deviation from the original canal 

path resulting in inability to negotiate to the true 
working length).

 	• File separation.
 	• Insufficient canal filling (short filling [> 2 mm from 

apex], insufficient compaction (presence of voids 
or poor compaction), overfilling, overextension, 
or overinstrumentation), as determined from 
postoperative radiographs and clinical records.

If a complication occurred, students attempted standard-
ized corrective measures (e.g., re-establishing patency 
with small hand files, increasing irrigation, changing 
instruments, when indicated attempt bypass) under 
supervision. If the student could not resolve the issue, 
an experienced instructor took over; these cases were 
excluded from the study analysis. Final clinical and radio-
graphic assessments of all completed cases were per-
formed by a single calibrated examiner (A.Ö.).

PP assessment
PP was evaluated exclusively after the final obturation 
appointment; pain following interim sessions in multi-
visit cases was not recorded. Patients were provided 

with a manual VAS, 0–100 to record their pain levels. 
Assessments were conducted at five specific time points: 
pre-treatment (baseline), and at 1, 3, 5, and 7 days post-
treatment. To ensure comprehensive and accurate data 
collection, a single researcher (A.Ö.) contacted each 
patient by telephone to verbally obtain and record VAS 
pain scores.

Patients were instructed to report the maximum 
pain experienced during each period. if analgesics were 
required, patients were asked to report the highest pain 
intensity experienced prior to taking the medication, This 
ensured that the recorded PP accurately reflected true PP 
levels unmitigated by analgesic use.

Statistical analysis
Statistical analyses were performed using Jamovi software 
(Version:2.3.28). Descriptive statistics were calculated 
to summarize demographic characteristics and clinical 
variables. Normality of continuous variables was assessed 
using the Shapiro-Wilk test. As the data were not nor-
mally distributed, their results are presented as median 
(interquartile range, IQR). Differences between inde-
pendent groups were evaluated using the Kruskal-Wal-
lis test, followed by the Dwass-Steel-Critchlow-Fligner 
pairwise comparison test for post-hoc analyses. For 
repeated measurements, the Friedman test was applied, 
with subsequent post-hoc analyses conducted using the 
Durbin-Conover comparison test. Categorical variables, 
including post-treatment complications and analgesic 
use, were analyzed using the Chi-squared test. Associa-
tions between postoperative pain, clinical factors, and 
procedural variables were explored using Spearman’s 
rank correlation and Cramér’s V.

In addition, multivariable regression models were per-
formed to evaluate the independent effect of the E-CAT 
score on clinical outcomes while adjusting for potential 
confounders (sex, age, tooth type, initial diagnosis, and 
number of sessions). For complication counts, Pois-
son regression with robust standard errors was initially 
applied; in case of overdispersion, a Negative Binomial 
model was preferred, and incidence rate ratios (IRR) with 
95% confidence intervals (CI) were reported. The inde-
pendent association between E-CAT score and day-1 
postoperative pain (VAS, 0–100) was evaluated using an 
ordinary least squares (OLS) multivariable linear regres-
sion model with HC3 heteroskedasticity-robust standard 
errors. The model included E-CAT score as the main pre-
dictor and adjusted for potential confounders (age, sex, 
tooth type, baseline diagnosis, and number of treatment 
sessions). Results are reported as unstandardized β coef-
ficients with 95% confidence intervals (CI) and p-values. 
Model fit was summarized using R². For analgesic use 
(binary outcome), logistic regression was applied, with 
odds ratios (OR) and 95% CI presented. Model fit indices 
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included Akaike Information Criterion (AIC) for count 
models, McFadden’s pseudo-R² for logistic regression, 
and R² for linear regression. All statistical tests were con-
ducted at a two-sided significance level of p < 0.05.

Results
Baseline characteristics
The study included 160 patients with nearly equal sex 
distribution (50.6% female, 49.4% male) and an average 
age of 27.8 ± 10.9 years. The majority had completed high 
school (56.9%) and reported no systemic diseases (89.4%). 
Diagnoses were evenly distributed among asymptomatic 
apical periodontitis (32.5%), symptomatic apical peri-
odontitis (34.4%), and irreversible pulpitis (33.1%). Man-
dibular and maxillary molars each accounted for exactly 
half of the treated teeth. Regarding case difficulty, 55.0% 
of cases had a moderate E-CAT score, 33.1% had a low 
score, and 11.9% were classified as high (Table 1).

Treatment duration and procedural complications
Spearman correlation analysis demonstrated significant 
associations between treatment duration, number of ses-
sions, and E-CAT scores. Treatment duration strongly 
correlated with the number of sessions (r = 0.85). Weak 
positive correlations were observed between E-CAT 
scores and both treatment length (r = 0.21) as number of 
sessions (r = 0.24). Notably, the overall number of com-
plications was not significantly correlated with treatment 
duration, number of sessions, or E-CAT scores (Fig. 1).

When analyzing procedural complications, the 
E-CAT score showed the strongest associations with 
file separation (Cramér’s V = 0.251) and working length 
loss (V = 0.216). Moderate-to-weak associations were 
observed for other mishaps, such as overinstrumenta-
tion (V = 0.160) and canal blockage (V = 0.141), while 

Table 1  Demographic attributes of the treated patients
Overall (N = 160)

Gender

Female 81 (50.6%)

Male 79 (49.4%)

Age

Mean (SD) 27.8 (10.9)

Median (IQR) 26 (18–35)

Range 15.0–58.0

Education

illiterate 1 (0.6%)

Primary School 23 (14.4%)

High School 91 (56.9%)

University 44 (27.5%)

PhD 1 (0.6%)

Systemic Disease

Present 17 (10.6%)

None 143 (89.4%)

Smoking

Yes 50 (31.2%)

No 110 (68.8%)

Medicine usage

Yes 73 (45.6%)

No 87 (54.4%)

Diagnosis

Asymptomatic devital 52 (32.5%)

Symptomatic devital 55 (34.4%)

Symptomatic vital 53 (33.1%)

Tooth Type

Mandibular Molar 80 (50%)

Maxillary Molar 80 (50%)

E-Cat Score

Low 53 (33.1%)

Moderate 88 (55.0%)

High 19 (11.9%)
n (%)

Fig. 1  Spearman Correlation Matrix of Treatment Parameters and Pain Progression. Correlation matrix boxes: green and orange boxes indicate positive 
and negative correlations, respectively (Colour tones indicate the strength of the correlation). Boxes without “X” indicate significance (p < 0.05). Numbers 
on the boxes are spearmen correlation coefficients
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complications like overfilling (V = 0.047) showed negli-
gible correlation (Fig. 2).

PP and analgesic use
PP significantly differed among patients with varying 
E-CAT scores. At baseline, pain levels were similar across 
all groups (p = 0.139). On the first day post-treatment, 
PP correlated positively with E-CAT scores (r = 0.25), 
with patients in the moderate and high E-CAT groups 
reporting significantly higher PP than those in the low 
group (p < 0.001) (Fig.  1; Table  2). By day three, PP lev-
els decreased across all groups, however the high E-CAT 
group reported slightly higher PP, though this difference 
was not statistically significant (p = 0.058). By days five 
and seven, PP had further resolved with no significant 
differences among groups. Within each group, there was 
a statistically significant reduction in PP levels over time 
(p < 0.001) (Table 2).

Table 2  Pain Progression Over Time in Patients with Different 
E-CAT Scores

E-CAT Score
Low 
(n = 53)

Moderate 
(n = 88)

High 
(n = 19)

p-value

Baseline pain 60 (50)A, a 60 (50)A, a 60 (60)A, a 0.1391

First day pain 30 (30)A, a 50 (60)B, a 60 (60)B, a < 0.0011

Third day pain 0 (10)A, b 0 (30)A, b 20 (55)A, b 0.0581

Fifth day pain 0 (0)A, c 0 (10)A, c 0 (20)A, c 0.2061

1 week later pain 0 (0)A, c 0 (0)A, d 0 (5)A, c 0.3471

p-value < 0.0012 < 0.0012 < 0.0012

Median (IQR)
1 Kruskal Wallis test, Dwass-Steel-Critchlow-Fligner pairwise comparison
2 Friedman test and Durbin-Conover comparison. Different superscript capital 
letters indicate significant differences within rows, while different lowercase 
letters indicate significant differences within columns

Fig. 2  Association Between Individual E-CAT Criteria and Postoperative Pain (Cramér’s V Effect Sizes)
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Post-treatment analgesic usage was significantly associ-
ated with case complexity (p < 0.001), increasing sharply 
from 22.6% in the low E-CAT group to 73.7% in the high 
E-CAT group (Fig.  3; Table  3). Analgesic use was also 
strongly linked to reported PP intensity (p < 0.001), while 
demographic and clinical factors like sex, tooth type, 
and diagnosis showed no significant associations. Age 
showed a borderline relationship (p = 0.054), with higher 
analgesic usage in patients over 34 years old.

 While the intensity of day-1 pain and the need for 
analgesics varied by complexity, the overall prevalence of 
reported PP at any time point was high across the board. 
Although PP prevalence trended upward with higher 
E-CAT scores (from 83.0% in the low group to 94.7% in 
the high group), this did not reach statistical significance 
(p = 0.067). Similarly, PP prevalence was not significantly 
affected by tooth type, diagnosis, sex, age or number of 
treatment sessions (all p > 0.05) (Table 4). Among specific 

anatomical factors, reduced radiographic canal visibil-
ity (Cramér’s V = 0.262) and complex apical morphology 
(V = 0.202) showed the strongest correlations with PP 
(Fig.  4). Moderate correlations were observed for root 
curvature (Cramér’s V = 0.161) and complex diagnosis 
(Cramér’s V = 0.157). Other factors, such as root canal 
morphology (Cramér’s V = 0.134), access difficulty (Cra-
mér’s V = 0.101), and extra-coronal restoration (Cramér’s 
V = 0.090), showed weaker but meaningful associations. 
Factors like tooth angulation, inclination, and patient-
related aspects exhibited lower correlations (Cramér’s 
V < 0.07) (Fig. 3).

Multivariable Regression Analysis
In the multivariable linear regression model adjusting for 
sex, age, tooth type, diagnosis, and number of sessions, 
the E-CAT score remained an independent predictor of 

Fig. 3  Association between E-CAT Score and Individual Procedural Complications (Cramér’s V Effect Sizes)
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day-1 PP (β per 1-unit increase = 2.10; 95% CI: 0.36–3.84; 
p = 0.018; R² = 0.065) (Table 5).

A logistic regression model further confirmed that 
higher E-CAT scores were significantly associated with 
greater odds of postoperative analgesic use (OR 1.20, 

95% CI: 1.06–1.36, p = 0.004) (Table  6). This indicates 
that each one-unit increase in case difficulty corresponds 
to a 20% higher likelihood of analgesic intake. Within 
this model, patient age demonstrated a borderline asso-
ciation with analgesic use (OR 1.03, 95% CI: 1.00–1.07, 
p = 0.061), while sex, tooth type, number of sessions, and 
initial diagnosis showed no significant effects (Table 6).

Table 3  Post-Treatment Analgesic Usage Based on E-CAT Score, 
Tooth Type, Diagnosis, Gender, Age, and Number of Sessions

Analgesic Usage after treatment
Yes No p value

E-CAT Score

Low (N = 53) 12.0 (22.6%) 41.0 (77.4%) < 0.0011

Moderate (N = 88) 47.0 (53.4%) 41.0 (46.6%)

High (N = 19) 14.0 (73.7%) 5.0 (26.3%)

Tooth Type

Mandibular (N = 80) 34.0 (42.5%) 46.0 (57.5%) 0.4271

Maxillar (N = 80) 39.0 (48.8%) 41.0 (51.2%)

Diagnosis

Asymptomatic_devital (N = 52) 24.0 (46.2%) 28.0 (53.8%) 0.9181

Symptomatic_devital (N = 55) 26.0 (47.3%) 29.0 (52.7%)

Symptomatic_vital (N = 53) 23.0 (43.4%) 30.0 (56.6%)

Gender

Female (N = 81) 36.0 (44.4%) 45.0 (55.6%) 0.7611

Male (N = 79) 37.0 (46.8%) 42.0 (53.2%)

Age range

<35 (N = 119) 49.0 (41.2%) 70.0 (58.8%) 0.0541

>34 (N = 41) 24.0 (58.5%) 17.0 (41.5%)

Number of Session

1 (N = 80) 33.0 (41.2%) 47.0 (58.8%) 0.4531

2 (N = 77) 38.0 (49.4%) 39.0 (50.6%)

3 (N = 3) 2.0 (66.7%) 1.0 (33.3%)

Reported pain at any time

Yes 73.0 (50.3%) 72.0 (49.7%) < 0.0011

No 0.0 (0.0%) 15.0 (100.0%)
1 Chi-squared test

Table 4  Reported pain at any time based on E-CAT Score, Tooth 
Type, Diagnosis, Gender, Age, and Number of Sessions

Reported pain at any time
Yes No p value

E-CAT Score

Low (N = 53) 44.0 (83.0%) 9.0 (17.0%) 0.0671

Moderate (N = 88) 83.0 (94.3%) 5.0 (5.7%)

High (N = 19) 18.0 (94.7%) 1.0 (5.3%)

Tooth Type

Mandibular (N = 80) 74.0 (92.5%) 6.0 (7.5%) 0.4161

Maxillar (N = 80) 71.0 (88.8%) 9.0 (11.2%)

Diagnosis

Asymptomatic_devital (N = 52) 48.0 (92.3%) 4.0 (7.7%) 0.2511

Symptomatic_devital (N = 55) 47.0 (85.5%) 8.0 (14.5%)

Symptomatic_vital (N = 53) 50.0 (94.3%) 3.0 (5.7%)

Gender

Female (N = 81) 76.0 (93.8%) 5.0 (6.2%) 0.1591

Male (N = 79) 69.0 (87.3%) 10.0 (12.7%)

Age range

<35 (N = 119) 106.0 (89.1%) 13.0 (10.9%) 0.2521

>34 (N = 41) 39.0 (95.1%) 2.0 (4.9%)

Number of Session

1 (N = 80) 73.0 (91.2%) 7.0 (8.8%) 0.8021

2 (N = 77) 69.0 (89.6%) 8.0 (10.4%)

3 (N = 3) 3.0 (100.0%) 0.0 (0.0%)
1 Chi-squared test

Fig. 4  Distribution of Analgesic Consumption by E-CAT Score Groups
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Conversely, when adjusting for the same confounding 
variables, E-CAT scores were not significantly associ-
ated with the total number of complications (IRR 1.03, 
95% CI: 0.98–1.09, p = 0.286) (Table 6). This suggests that 
increasing case difficulty did not independently predict a 
higher risk of adverse events. Similarly, no other analyzed 
variables were significantly related to complication rates 
(Table 7).

Discussion
Our findings demonstrate that objective preopera-
tive case assessment using E-CAT significantly predicts 
patient-centered outcomes among patients treated by 
5th-year undergraduate dental students. In particular, 
higher E-CAT scores were associated with specific pro-
cedural complications in descriptive analyses, while 
multivariable regression analyses further demonstrated 
that E-CAT score independently predicted outcomes. 
After adjustment for potential confounders, increased 

case complexity remained a significant predictor of both 
immediate (day-1) postoperative pain (PP) and the odds 
of postoperative analgesic use. These results strengthen 
the value of objective preoperative case assessment in 
undergraduate settings to support clinical decision-mak-
ing, improve treatment efficiency, minimize mishaps, and 
enhance patient comfort [25]. Integrating E-CAT into 
dental curricula can facilitate appropriate case assign-
ment based on student skill levels, promoting safer and 
more effective learning environments.

Anatomical complexity is a critical determinant of root 
canal treatment (RCT) difficulty and duration [26]. In line 
with previous studies [26], our study found strong corre-
lations between treatment duration, the number of ses-
sions, and E-CAT scores, reflecting increased complexity 
in cases with higher scores, largely because the study 
exclusively included molars, which present considerable 
anatomical challenges [26–29]. Limited mouth open-
ing and difficult access to molars may further explain the 
increased treatment duration and higher complication 
rates observed in high E-CAT score cases. Interestingly, 
although complexity and complication severity corre-
lated, no direct association emerged between the number 
of complications and individual factors such as treatment 
duration, session count, or E-CAT scores alone. This 
suggests that complications may be more influenced by 
factors like operator experience [30], patient-related vari-
ables [31], or unexpected anatomical variations rather 
than treatment length or complexity alone. Importantly, 
our complication analyses offer two complementary per-
spectives. Bivariate analyses (Cramér’s V) indicated that 
specific procedural mishaps like file separation, WL loss, 
and overinstrumentation, were strongly related to case 
complexity. However, when complications were evalu-
ated as an overall count in the multivariable regression, 
the E-CAT score was not an independent predictor of 
the total number of mishaps. This likely reflects the het-
erogeneity of complication types (with varying frequen-
cies and clinical weights), potential dilution of signals 
when diverse events are pooled into a single count out-
come, and limited precision for rare outcomes, particu-
larly given the relatively small high-complexity subgroup. 
Therefore, our findings suggest that while E-CAT is 
highly effective at anticipating which specific severe com-
plications might occur, the overall frequency of minor 
and major mishaps combined is likely influenced heav-
ily by other factors, such as individual operator dexterity, 
patient cooperation, or unexpected anatomical variations 
[30, 31].

Even under direct clinical supervision, endodontic 
mishaps cannot be entirely prevented. These complica-
tions frequently stem from a novice operator’s limited 
skills, knowledge, and experience [30, 32–34], making 
highly complex cases challenging even for experienced 

Table 5  Multivariable linear regression analysis of factors 
associated with day-1 postoperative pain
Predictor β (HC3 

robust)
95% CI p

E-CAT score (per 1 unit) 2.10 0.36 to 3.84 0.018
Age (per year) 0.07 −0.39 to 0.54 0.756

Sessions (per 1 session) −0.58 −9.78 to 8.63 0.902

Male (vs. Female) −2.98 −12.34 to 6.37 0.532

Maxillar (vs. Mandibular) −2.25 −11.77 to 7.28 0.644

Dx: Symptomatic devital (vs. 
Asymptomatic devital)

0.82 −10.70 to 12.34 0.889

Dx: Symptomatic vital (vs. 
Asymptomatic devital)

1.51 −10.00 to 13.03 0.796

Table 6  Analgesic Use Model (Odds Ratios, adjusted for 
confounders)
Predictor OR 95% CI p-value
E-CAT Score 1.20 1.06–1.36 0.004
Age 1.03 1.00-1.07 0.061

Number of Session 1.19 0.62–2.31 0.598

Gender_Male 1.33 0.67–2.61 0.412

Tooth type_Maxillar 1.00 0.50–1.99 0.998

Diagnosis_Symptomatic_devital 1.17 0.51–2.69 0.713

Diagnosis_Symptomatic_vital 0.89 0.37–2.10 0.784

Table 7  Complications Model (Incidence Rate Ratios, adjusted 
for confounders)
Predictor IRR 95% CI p-value
E-CAT Score 1.03 0.98–1.09 0.286

Age (per year) 1.00 0.99–1.02 0.785

Number of sessions 0.97 0.66–1.42 0.874

Male gender 1.09 0.80–1.50 0.589

Maxillary tooth 1.10 0.78–1.56 0.593

Diagnosis: Symptomatic devital 0.95 0.62–1.44 0.792

Diagnosis: Symptomatic vital 1.39 0.92–2.11 0.121
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practitioners [32]. Consistent with previous studies 
[29, 35], our findings indicate that complex cases (high 
E-CAT scores) managed by undergraduates have a cor-
relation with specific procedural complications. For 
instance, ledges, blockages, and WL loss often result 
from imprecise instrumentation and a failure to maintain 
apical patency. Because accurate WL is critical for peri-
apical healing [36, 37], teaching students to confirm and 
maintain patency throughout treatment as well as proper 
instrument handling may help mitigate these risks [38]. 
Similarly, a novice’s lack of dexterity and inattention to 
coronal reference points frequently leads to overinstru-
mentation. The observed correlation between overinstru-
mentation and overextension seems therefore expected. 
Because the anatomic apical constriction is compro-
mised during overinstrumentation, more technical skills 
are required to adapt a master point to achieve adequate 
obturation length and avoid overextension. Furthermore, 
while rotary Ni-Ti files enhance preparation efficiency, 
they inherently carry a higher risk of instrument sepa-
ration compared to manual files [39, 40]. In our study, 
this finding likely reflects the limited clinical experience 
of undergraduate students with rotary instrumentation 
techniques. Consequently, additional preclinical training 
focused on tactile feedback, reference point maintenance, 
and rotary instrumentation dynamics is highly recom-
mended to build technical proficiency before students 
manage complex clinical cases. By anticipating these 
specific procedural challenges, objective pre-assessment 
tools like E-CAT allow educators to provide targeted 
preoperative instruction and appropriate case allocation. 
Thus, while prior research [2] has explored E-CAT’s pre-
dictive ability regarding procedural complications, our 
study extends its educational utility by linking these tech-
nical challenges directly to patient-centered outcomes, 
demonstrating how increased case complexity translates 
into higher PP and analgesic consumption.

PP following RCT typically peaks within the first 48 h 
and resolves within a week [41–44], a trajectory effec-
tively captured by our 7-day assessment period. Although 
preoperative pain is a known predictor of PP [7, 15, 45–
48], baseline pain levels did not differ significantly among 
our study groups (p = 0.139). This isolates procedural 
complexity as the primary driver of the observed varia-
tions in PP. Consequently, patients with higher E-CAT 
scores experienced significantly greater PP on day 1 (p 
< 0.001) and required significantly more analgesics. This 
elevated discomfort likely reflects the increased pro-
cedural trauma inherent in managing high-complexity 
cases. Specifically, reduced radiographic canal visibility 
and complex apical morphology were identified as strong 
predictors of PP, as these features complicate working 
length determination and canal negotiation for novice 
operators. Such challenges increase the likelihood of 

mishaps like overinstrumentation, which directly exacer-
bates apical trauma and inflammation [49, 50]. Further-
more, while diagnoses and arches were evenly balanced, 
our study exclusive focus on molars which are consis-
tently associated with higher PP rates [18, 19, 22, 23, 51]. 
Operator experience has previously been considered a 
factor influencing procedural outcomes and PP severity. 
While some studies report that more experienced den-
tists may perform more difficult treatments and there-
fore the levels of PP will be higher [16, 17], others [45, 
52] reported minimal impact of operator experience on 
the incidence of PP. Our findings among undergraduate 
students suggest that intrinsic case complexity may out-
weigh operator experience as the primary determinant 
of PP. Identifying these high-risk cases preoperatively 
using E-CAT provides significant clinical value; it allows 
students to set accurate patient expectations, provide tar-
geted counseling, and implement proactive pain manage-
ment strategies. A key finding of this study, and one that 
warrants specific discussion, is the discrepancy between 
the overall prevalence of reported PP and the require-
ment for analgesics. While the E-CAT score showed a 
significant association with day-1 PP intensity and anal-
gesic intake, it was not significantly associated with the 
mere report of pain at any time (p = 0.067). This can be 
explained by a clinical “ceiling effect” [53]. Because molar 
RCTs inherently cause some PP [18, 19, 22, 23, 51], a vast 
majority of patients across all groups (83.0% to 94.7%) 
experienced at least mild, transient sensation following 
treatment. However, while the presence of mild discom-
fort was similar across groups, the intensity of PP and the 
requirement for pharmacological intervention clearly dif-
ferentiated the complexity levels. High-complexity cases 
resulted in a significantly higher likelihood of analgesic 
intake. Nevertheless, pain perception is a multifacto-
rial experience profoundly influenced by psychological 
state, interpersonal dynamics, and other psychosocial 
variables [54]. Because these broader factors were not 
captured by our self-reported VAS assessments, the rela-
tionship between E-CAT scores and PP should be inter-
preted as associative rather than strictly causal, driven by 
a complex interplay of patient, operator, and procedural 
factors.

The ultimate goal of endodontic education is to develop 
students’ theoretical knowledge, technical competence, 
and clinical judgment [55, 56]. While previous tools 
have aimed to guide case selection, this study is the first 
to evaluate the predictive value of E-CAT scores for 
both procedural complications and PP in the context of 
undergraduate endodontic training. E-CAT promotes 
structured, reflective case assessment and fosters com-
munication between students and educators. By strati-
fying risk, it facilitates individualized supervision and 
more appropriate case allocation, offering a foundation 
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for more personalized and competency-based training 
[56, 57], which may improve student confidence, reduce 
errors, and enhance learning outcomes. These benefits 
are particularly relevant in undergraduate settings where 
the risk of error is high, and student anxiety may impair 
performance.

This study has several limitations. First, as a single-
center observational cohort restricted to primary molar 
RCTs in a supervised undergraduate clinic, the findings 
may not fully generalize to other tooth types, retreatment 
cases, or more experienced operators. Second, E-CAT 
scoring relied on a single assessor, introducing potential 
observer bias. Third, methodological constraints, such 
as potential recall bias from telephone-based PP self-
reports and the absence of specific subgroup analyses 
(e.g., by diagnosis or tooth position) could mask deeper 
clinical nuances. Additionally, the skewed distribution 
of E-CAT categories, featuring a relatively small high-
complexity subgroup (11.9%), reflects real-world under-
graduate case allocation but likely reduced statistical 
power for detecting some adjusted associations. Finally, 
although a standardized treatment protocol was enforced 
and all students belonged to the same academic cohort 
with a common minimum clinical exposure, treatments 
were performed by multiple operators. The exact number 
of previously completed root canal treatments per stu-
dent at the time of the included case was not individually 
recorded. Therefore, operator-level experience could not 
be quantified directly, and residual confounding related 
to inter-operator variability in manual dexterity and prior 
clinical exposure, as well as unmeasured patient-level fac-
tors such as dental anxiety, cannot be entirely ruled out.

Future research should involve multicenter longitudinal 
studies that include a range of operator experience lev-
els to assess the generalizability and predictive strength 
of E-CAT. Randomized educational trials evaluating the 
integration of E-CAT into clinical training programs may 
further support its widespread adoption.

Conclusion
Within the limitations of this single-center study, pre-
operative E-CAT assessment independently predicted 
immediate PP and analgesic use, though it did not pre-
dict the overall complication count. Our findings support 
using structured complexity assessments to guide under-
graduate case allocation and tailor clinical supervision. 
Crucially, incorporating E-CAT into the dental curricu-
lum equips students to better inform patients regarding 
expected PP and medication needs, ultimately enhancing 
patient communication, clinical outcomes, and educa-
tional effectiveness.
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