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Abstract
Background  Students’ self-assessment and rubrics are pedagogical tools designed to enhance learning and 
evaluation processes. Achieving convergence between learners and teachers is paramount during the learning of 
complex treatments such as endodontic procedures, although it can be challenging due to uncontrollable factors 
that may affect task performance and perception. This study aimed to evaluate the influence of various factors 
(anatomical difficulty, type of instrumentation system, and training level) on the assessments of root canal treatments 
(RCT) by teachers and students using a rubric, and to determine the degree of agreement between them.

Methods  144 RCT were performed on extracted human molars by 36 dental students using two mechanized 
systems and subsequently evaluated using a rubric by both the students and four teachers. Rubric yielded a total 
score for the sum of 4 items analyzed individually: radiographic evaluation, access cavity, instrumentation, and 
obturation. The influence of the three following factors: anatomical difficulty (categories: minimal, moderate and 
high), instrumentation system (categories: Protaper Next and Reciproc Blue), and training level (categories: initial 
and advanced) on teachers’ and students’ RCT total scores and for each item were analyzed by three-way ANOVA. 
Agreements between teachers and students were measured by intraclass correlation coefficients and quadratic 
weighted Kappa. Statistical analyses were conducted at a pre-set alpha of 0.05 using Stata 16.

Results  No significant influence of anatomical difficulty, instrumentation system, or training level was observed 
on RCT total scores given by teachers and students (p > 0.05). However, training level influenced the assessments 
by teachers in instrumentation as those by students in radiographic evaluation. Agreement was moderate for RCT 
total scores and substantial for teeth with minimal or high difficulty, after using Protaper Next, and at the initial 
training level. Agreement was substantial in obturation, and moderate in radiographic evaluation, access cavity, and 
instrumentation. Some categories in instrumentation and obturation items showed substantial agreement, while fair 
agreement was observed only in access cavity.

Conclusions  Educational factors in Endodontics such as anatomical difficulty, mechanized instrumentation system, 
and level of training did not influence the total scores of preclinical RCT by teachers or students. Agreement for RCT 
total scores ranged from moderate to substantial. The strongest agreement was observed in obturation, while access 
cavity yielded the lowest. The rubric as an assessment tool in Endodontics teaching is recommended.
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Background
Self-assessment is recognized as a continuous and reflec-
tive progress of self-knowledge and self-criticism for 
anyone embarking on a learning experience. This pro-
cess is highly beneficial for students, as it increases their 
awareness of academic progression and facilitates the 
identification of areas needing improvement [1, 2]. Con-
sequently, self-evaluation also serves as a motivating fac-
tor, enhancing students’ autonomy and responsibility [3]. 
Additionally, it provides teachers with a valuable tool to 
deeply understand students’ learning pace, enabling them 
to adapt pedagogical strategies and resources to meet 
students’ needs [4, 5].

The incorporation of rubrics as an assessment method 
aims to align the perspectives of teachers and students 
as closely as possible [4]. Rubrics provide guidance and 
objectivity in evaluating students across various disci-
plines, enhancing consistency among multiple assessors 
[6]. However, the criteria of experienced evaluators, the 
teachers, and novice practitioners, the students, may dif-
fer despite the use of rubrics, especially in situations that 
are difficult to standardize, which is quite common in 
clinical subjects of Health Sciences [7, 8].

In Dentistry, the use of rubrics as an assessment tool 
has grown in recent years and in various contexts, such 
as preclinical training in Integrated Dentistry [9] and 
Prosthodontics [10] or clinical performance in Periodon-
tics [11]. Endodontics teaching has also explored this 
approach and, although references are scarce, there are 
recent studies on the application of rubrics for assess-
ing endodontic treatments [12, 13] or portfolios [14], as 
shown in a previous publication by the authors of the 
present study.

Performing an entire root canal treatment (RCT) 
requires an organized sequence of several clinical stages, 
in accordance with the European Society of Endodon-
tology (ESE) quality guidelines [15]. The development 
of RCT can be influenced by various recognizable and, 
to a certain extent, modifiable preconditions, as well as 
by unexpected events occurring during the procedure 
[16]. The former includes a vast anatomical variability 
of pulpal chambers, roots, and canals, which can lead to 
highly defiant situations [17].

To address some of these challenges, mechanized 
endodontic instrumentation has become increasingly 
prevalent in clinical practice [18, 19]. However, all new 
technologies require a learning curve for the operator, 
who must acquire the necessary skills and competencies 
to use them to their clinical benefit [20, 21].

Training students to excel in a clinical environment 
necesitates confronting realistic scenarios, working on 
natural teeth, and mastering various instrumentation 
systems [18, 22]. Encountering these challenging cases, 
especially during initial experiences, can alter students’ 
self-evaluation perceptions [2] and even influence teach-
ers’ criteria, affecting the alignment between them. 
Since agreement enhances learning outcomes [4, 23, 24], 
understanding how these factors may affect alignment is 
crucial for improving Endodontics education.

While the ESE indicates that training in Endodontics 
for undergraduate students involves acquiring skills in 
an appropriate preclinical environment, it acknowledges 
that defining a minimum level of knowledge or skills-
based input is not possible. Nor is it feasible or desir-
able to provide definitive directions to schools on course 
planning and delivery. Consequently, despite the impor-
tance of learning endodontics, there is a significant lack 
of specific assessment procedures [25]. It is well known 
that when clinical skills are practiced without evaluation, 
errors are reinforced [26]. Therefore, it can be inferred 
that preclinical training not evaluated with structured 
criteria, will result in inadequate clinical practices.

Given these challenges, this study aimed to (1) evalu-
ate whether anatomical complexity, instrumentation sys-
tem, and training level influence the assessment of RCT 
by teachers and students using a rubric, and (2) deter-
mine the level of agreement between them. Accordingly, 
the null hypotheses to be tested were: (1) Factors such as 
anatomical difficulty, instrumentation system, or training 
level do not influence the RCT total scores or the indi-
vidual item assessments by teachers and students; and (2) 
Teachers and students show a similar level of agreement 
in their assessments of total scores and individual items 
in preclinical RCT.

Materials and methods
Performance of preclinical RCT
This study was conducted at Rey Juan Carlos University 
(Madrid, Spain). The Ethics committee of this institu-
tion considered that explicit approval was not necessary 
(document with registration number 2002201904819), 
as the present study was carried out once the mandatory 
preclinical practice concluded, so it did not interfere with 
the students’ grades.

Fourth-year undergraduate dental students performed 
the RCT during the preclinical endodontic training for 
the course Dental Pathology and Therapeutics II, being 
the second year using mechanized instrumentation as 
well as the evaluation rubric. The treatments were carried 
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out by a total of 36 students, comprising all the students 
enrolled in the course during that academic year. Each 
student completed four RCT on extracted human molars 
(n = 144), as part of the five-week preclinical block of the 
course.

The students provided the teeth, while the teach-
ers, applying the exclusion criteria, selected which ones 
would be used. Molars exhibiting substantial loss of cor-
onal structure, canals not radiographically visible, canal 
obliteration, extreme curvatures, incomplete root forma-
tion, extensive apical resorption, or internal resorption, 
were discarded. Consequently, no attempt was made to 
distribute the anatomical complexity of the molars or the 
instrumentation system among the students in any spe-
cific manner.

Afterwards, the approximate working length (WL) of 
each root canal was determined by superimposing a file 
over the preoperative radiograph and measuring the dis-
tance between a coronal reference point and each radio-
graphic apex. This distance was then reduced by 0.5 mm 
to ensure that the working length would approximately 
reach the location of the apical constriction. During the 
conductometry radiograph, it was verified whether the 
initially established WL was correct or needed modifica-
tion, so that the preparation and obturation would reach 
the area of the apical constriction. Access cavities were 
created using high-speed diamond burs under water-
cooling, followed by canal location with an endodon-
tic probe. Students scouted the root canals with a K-file 
diameter 10, achieving apical patency at WL + 0.5  mm. 
Irrigation with 5.25% sodium hypochlorite delivered by 
syringe was maintained throughout the entire shaping 
procedure.

Canal instrumentation was performed using Prota-
per Next (continuous rotary motion, n = 74) or Reciproc 
Blue (reciprocating motion, n = 70), both manufactured 
by Dentsply Sirona (Konstanz, Germany). Students were 
required to use both systems for the first two cases, 
allowing them to choose their preferred system for the 
remaining teeth. To calibrate the effect of training, the 
first and second RCT were labeled as the initial group 
(n = 72), while the third and fourth were classified as the 
advanced group (n = 72).

The obturation of all canals was performed using stan-
dardized gutta-percha points with a 0.02 taper and AH-
Plus root canal sealer (Dentsply Sirona), with the cold 
lateral condensation technique. Students took various 
radiographic records of all teeth during the preclini-
cal practice: preoperatively, before initiating endodontic 
treatment; during instrumentation to verify the work-
ing length in the root canals; prior to obturation to 
check the fit of the master gutta-percha cones; and a 
final radiograph upon completion of the canal obtura-
tion. The teeth were placed horizontally on their lingual 

or palatal surfaces, and the X-ray was directed perpen-
dicularly to the long axis of the tooth. Periapical size 2 
EF-speed X-ray films (Henry Schein, Melville, NY, USA) 
were used for radiographic documentation. The X-ray 
generator used was a Kodak 2200 Intraoral X-ray Sys-
tem (Carestream Dental, Atlanta, GA, USA) operated 
at 65 kV-DC and 7 mA. Films were processed manually 
using Carestream Dental X-ray processing chemicals 
(Carestream Dental).

Evaluation of preclinical RCT
Authors of the present study designed a previous rubric 
for the assessment of endodontic portfolios. After verify-
ing the evaluators’ calibration, the rubric demonstrated 
enhanced agreement among them [14]. The published 
version, with minor modifications (the deletion of two 
sections focused on the portfolio document), was used 
in the present study. This approach allowed teachers and 
students to concentrate exclusively on the RCT, without 
undermining the proven validity of the rubric, which con-
sidered four items: radiographic evaluation, access cavity, 
instrumentation procedure, and obturation (Appendix 
1). Items were rated on a scale of 1 to 5, with 1 indicat-
ing the lowest quality of performance and 5 representing 
perfection. The rubric produced a RCT total score on a 
ten-point scale by summing the scores obtained from 
each item. This document was provided to the students 
before the practice to serve as a guide.

After completion of each RCT, students were asked to 
self-assess each procedure using the rubric, with no time 
limitations. Upon completion of this process, the sample 
was randomly divided into four groups (36 molars each), 
which were assigned to four blinded teachers experienced 
in Endodontics. These teachers individually evaluated the 
RCT using the rubric, with their analysis divided into six 
sessions over six consecutive days to avoid fatigue. Subse-
quently, the same evaluators collaboratively assessed the 
anatomical complexity of each molar based on the Amer-
ican Association of Endodontists (AAE) case difficulty 
form. This evaluation considered exclusively factors for 
extracted teeth, including crown and canal morphology, 
the radiographic appearance of the canals, and the pres-
ence of apical resorption. As a result, the molars diffi-
culty was classified into the following categories: minimal 
(n = 20), moderate (n = 88), and high (n = 36) (Table 1).

Statistical analysis
Firstly, descriptive statistics were conducted on the marks 
given by teachers and students for RCT total scores and 
each rubric item. Secondly, we analyzed the influence of 
independent variables (anatomical difficulty, instrumen-
tation system, and training level) on RCT total scores and 
rubric items for both teachers and students (three-way 
ANOVA). Data normality and homogeneity were tested 
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using Shapiro-Wilk’s and Levene’s tests, respectively. 
Partial eta squared (η²p) was calculated as a measure of 
effect size. According to Cohen’s guidelines, η²p values 
of 0.01, 0.06, and 0.14 indicate small, medium, and large 
effects, respectively. The absence of association between 
variables was verified to eliminate potential bias (Spear-
man correlation coefficient, p > 0.20). Finally, we assessed 
inter-rater agreement between teachers and students 
using intraclass correlation coefficients (ICC) for RCT 
total scores and quadratic weighted Kappa for rubric 
items, considering the three factors (anatomical diffi-
culty, instrumentation system, and training level). Reli-
ability results were categorized according to the Landis 
and Koch criteria: poor (0), slight (0.01–0.20), fair (0.21–
0.40), moderate (0.41–0.60), substantial (0.61–0.80), and 
almost perfect agreement (0.81-1.00). All statistical tests 
were performed at a pre-set alpha of 0.05 using Stata/IC 
16.1 (Stata Corp LLC, College Station, TX, USA).

Results
Table 1 presents the mean marks and standard deviations 
(sd) for RCT total scores and for each item, as well as the 
level of agreement between teachers and students.

Three-way ANOVA revealed that RCT total scores 
from teachers and students were not significantly 
affected by anatomical difficulty (p > 0.05), the instru-
mentation system (p > 0.05), the training level (p > 0.05), 
or their interactions (p > 0.05). Regarding the influence 
of the three analyzed factors on the rubric items, stu-
dents’ ratings for radiographic evaluation were signifi-
cantly affected by the interaction between training level 
and anatomical difficulty (p = 0.013; η²p = 0.058). Students 
self-scored higher for radiographic evaluation in molars 
with moderate difficulty when training was advanced 
compared to the beginning (p = 0.009, Student t-test). 
Additionally, marks for the instrumentation proce-
dure given by teachers were influenced by training level 
(p = 0.002; η²p = 0.073) and the interaction between train-
ing level and anatomical difficulty (p = 0.010; η²p = 0.068). 
Teachers’ scores were higher in the advanced group than 
in the initial group (p = 0.027, Student t-test); even for low 
difficulty cases (p = 0.003, Student t-test).

The agreement between teachers and students was 
moderate for RCT total scores, with variation across dif-
ferent factors. Agreement was substantial for cases with 
minimal or high anatomical difficulty, and moderate for 
cases with moderate difficulty. Regarding instrumenta-
tion systems, Protaper Next yielded higher agreement 
than Reciproc Blue. Finally, agreement by training level 
was substantial for the initial group and decreased to 
moderate in the advanced group.

Regarding the items of the rubric, agreement was 
moderate for radiographic evaluation, access cavity, and 
instrumentation, and substantial for obturation. Taking 

into account different factors tested, agreement was mod-
erate and substantial for all items except for cavity access 
in high difficulty molars and when Reciproc Blue system 
was used. Table 2 shows the distribution of ratings from 
teachers and students across the rubric for each item. 
For all items, ratings of 1 and 2 were the least frequent, 
whereas ratings of 4 and 5 collectively constituted more 
than 50% of the evaluations from both teachers and stu-
dents. The highest rating, indicative of perfection, was 
selected more frequently by teachers than by students in 
the items of radiographic evaluation, instrumentation, 
and obturation. There is a general preference for higher 
ratings among both groups, with teachers tending to give 
the highest ratings more often than students in specific 
items.

Discussion
Like many other dental procedures, RCT encounters a 
wide range of situations, posing challenges to both the 
operator’s and the evaluator’s judgment. For instance, the 
potential impact of anatomical difficulty or the instru-
mentation system on daily assessments is a concern, as 
the former remains inherently invariable, and the latter 
continuously evolves. Nevertheless, our results showed 
that assessments by teachers and students were not influ-
enced by any of the variables considered: anatomical 
complexity, type of instrumentation system and training 
level. Scores for the different items of the rubric were also 
unaffected, except for students’ ratings in radiographic 
evaluation or teachers’ scores in instrumentation proce-
dure. Consequently, the first hypothesis must be partially 
accepted.

The training level contributed to these differences, with 
higher scores observed among teachers and students in 
the advanced group. While this may seem intuitive, as 
repeated practice is widely recognized to refine tech-
nique, enhance confidence, and improve skill acquisition 
[27, 28], a deeper analysis of our data reveals only the 
early stages of this effect. Specifically, teachers assigned 
higher ratings to the instrumentation item, a complex 
and advanced aspect of RCT, reflecting their strong criti-
cal capacity. In contrast, students rated themselves higher 
in the radiography section, the only category not reliant 
on presumed motor improvement. This raises the ques-
tion of whether performing a greater number of RCT 
over an extended period would have led to more pro-
nounced differences in evaluations, particularly among 
students at the final stages of the endodontic procedure. 
However, due to the retrospective nature of our study, 
students did not receive the teacher’s correction after 
self-assessment. From a learning perspective, this rep-
resents a significant limitation of our study, as real-time 
feedback has been demonstrated to be an effective teach-
ing method [29], even in the field of Health Sciences [30]. 
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The lack of immediate feedback for the students may have 
hindered their complete assimilation of the rubric. How-
ever, the intention in this study was to isolate the rubric’s 
ability to bring students and teachers closer to consensus 
and to demonstrate the objectivity it provides. It should 
be noted that students were already familiar with this 
assessment tool. During their first year of preclinical end-
odontic treatments, they were evaluated using a rubric of 
similar structure and with the same evaluation items but 
intended for single-rooted teeth.

Our results revealed that the level of agreement 
between teachers and students was predominantly rated 
as moderate, with some categories and items showing 
even higher concordance. Thus, the second hypothesis 
was partially accepted.

Regarding anatomical difficulty, agreement was sub-
stantial for molars with high and minimal difficulty, and 
moderate for molars with moderate intricacy. Students 
might consider intermediate levels of difficulty as stan-
dard cases, assessing their performance favorably, and 
identifying this anatomy as the most common clinical 
occurrence. Interestingly, their self-score for the mini-
mally difficult group, where third molars with a single 
wide canal were prevalent, was the lowest. Students 
might have perceived treatments in these teeth as much 
easier than those on molars with multiple or narrow 
canals, and consequently, less deserving of a higher mark, 
despite the rubric’s supposed rigidity. This hypothetical 
statement suggests that students might not have adhered 
to the rubric as closely as teachers, as noted in other 
studies [31, 32]. The higher level of experience and train-
ing of the professors enables them to assess these types 
of cases more fairly, in which students tend to underesti-
mate their performance.

In respect of the instrumentation systems, the level of 
agreement was higher for Protaper Next than for Recip-
roc Blue. Although students were allowed to choose the 
system for 2 out of 4 molars, the distribution of mecha-
nized systems in the sample was uniform. Students had 
practiced with Protaper Next in the previous course, but 
this was their first exposure to the reciprocating system. 
Therefore, certain characteristics of the system itself 
might explain the higher self-assessments after using 
Reciproc Blue. The reduced number of files required 
and the perceived increased control with the recipro-
cating motion may have given them the impression that 
errors were less likely to occur during the instrumenta-
tion sequence, as previously reported for undergraduate 
students [33].

Regarding the training level, agreement was higher 
in the initial group compared to the advanced group. 
Although a clear trend of improvement was observed 
throughout the practice, the self-assigned scores of stu-
dents in the advanced group were the highest recorded Ta
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in the entire study, which reduced the level of consensus. 
As previously mentioned, the self-empowering effect 
of repetitive exercises [9, 27, 31] may have been mani-
fested in two ways. On the one hand, repetition genuinely 
improved students’ skills and performance, as reflected 
in the fact that teachers’ ratings for the advanced group 
were the highest they assigned. On the other hand, this 
ongoing practice may have led students to subjectively 
overestimate their performance during the final stage of 
their learning.

RCT involves the completion of various interdepen-
dent procedures, which were evaluated separately in 
our rubric, in accordance with previous studies [11, 34]. 
Agreement between teachers and students for differ-
ent items was consistent, with radiographic evaluation, 
access cavity and instrumentation scoring moderate, 
while obturation achieved substantial agreement. This 
stronger agreement in obturation could be attributed to 
the quantitative nature of this item in the rubric, such as 
counting canals with radiographically unfilled spaces. In 
contrast, access cavity and instrumentation included sub-
jective terms. Notably, the access cavity was the only item 
where no substantial agreement was recorded, with some 
fair agreements observed. Sections linked to intuitive 
appraisals may confuse students, thereby reducing both 
the objectivity intended by the rubric and the agreement 
between multiple assessors [4].

Limited research has focused on the agreement 
between teachers and students in Endodontics, yielding 
varied outcomes. Two studies from Saudi Arabia identi-
fied a clear divergence, although their methodologies 
were not entirely comparable to ours. AlRahabi et al. [35] 
considered only single RCT performed by novice stu-
dents in Endodontics, which could be determinant for 
dissent [36, 37]. Almohaimede [12] reported disagree-
ment in clinical RCT because students overestimated 
their efficiency. It is important to note the significant 
differences between their education system and that of a 
country like Spain [38, 39]. Cultural norms, collectivistic 
versus individualistic values, teacher authority, and gen-
der segregation [39] influence the relationships between 
teachers and students [40, 41]. In a cultural context 
more similar to our study, in Taiwan, adequate concor-
dance between teachers and students was observed when 
evaluating RCT on resin printed teeth [13]. Our results 
are consistent with theirs, as the strongest agreement 
was found in obturation and the weakest in access cav-
ity. Although this first manual procedure may seem less 
clinically relevant, its correct execution prevents poten-
tially iatrogenic mishaps at later stages of the RCT [18]. 
In our study, many of the access cavities were excessively 
small, which the rubric considered a penalty, specifi-
cally assigning it the second-lowest rating (Appendix 1). 
A plausible explanation for this frequent finding may lie 

in two factors. From an educational standpoint, as previ-
ously noted, students may not fully adhere to the rubric, 
reducing their attention to its content (notably, the men-
tion of an access cavity preserving the pulp chamber roof 
appears at the end of the rubric cell). From a clinical per-
spective, prior experience with single-rooted teeth may 
lead students to replicate smaller access cavities, poten-
tially misinterpreting the larger pulp chamber dimen-
sions in molars.

The capacity of self-assessment may be influenced by 
inherent student characteristics, such as cultural factors, 
gender, and academic performance [37, 42, 43]. However, 
neither our study nor the previously mentioned studies 
considered these aspects. For instance, it has been shown 
that dental students in the United States of America tend 
to overrate their performance more frequently than stu-
dents in Japan [44]. Additionally, male dental students 
generally overestimate their abilities more than their 
female counterparts [45], although some studies have 
not detected this difference, even in groups with a clear 
female predominance [46]. In our study, 75% of the stu-
dents were women.

To the authors’ knowledge, no studies in the Western 
context have analyzed the influence of characteristic fac-
tors on the evaluation of RCT by teachers and students, 
nor the quality of the agreement between them. Future 
research should consider a broader range of variables 
related to learners and the specific characteristics of RCT, 
with the aim of improving educational methodologies in 
Endodontics.

Conclusions
Factors potentially affecting the assessment of Endodon-
tics in an educational preclinical environment, such as 
dental anatomical difficulty, type of mechanized instru-
mentation system and training level, did not influence 
the RCT total scores by either teachers or students.

A specifically designed rubric allowed teachers and 
students to achieve predominantly moderate agreement, 
supporting its use as an assessment tool in the practical 
teaching of Endodontics. Among the RCT components, 
the highest concordance was observed in obturation, 
while the lowest occurred in access cavity preparation. 
This suggests that the initial stages of RCT may be more 
challenging to standardize and achieve strong inter-rater 
agreement.
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