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Abstract

Background: Dental undergraduate students are required to show sufficient practical skills prior to treating patients. Practical
skills and the underlying theoretical knowledge are taught in preclinical courses. Usually, the learning outcome is assessed in
written multiple-choice examinations (theoretical knowledge) and practical skills tests. However, students’ assessment of practical
skills is more time consuming and prone to bias than objective multiple-choice examinations.

Objective: This study aims to analyze the relation between students’ theoretical knowledge and practical skills in endodontics.
Furthermore, the predictive validity of a theoretical knowledge assessment on students’ practical skills was assessed.

Methods: Examination results from all students who participated in the preclinical phantom course in Operative Dentistry (sixth
semester of the undergraduate dental curriculum in Germany) between the 2015 summer term and the 2022 summer term were
retrospectively evaluated (N=447). The effects of age, sex, previous course participation, and theoretical knowledge on students’
practical skills were assessed, using Pearson correlations, Wilcoxon rank sum tests, and a linear regression analysis. Subsequently,
students’ theoretical knowledge and practical skills were compared via a Fisher exact test to identify a suitable pass mark for
students’ theoretical knowledge that was associated with sufficient practical skills (≥60%).

Results: Students’ theoretical knowledge was significantly associated with practical skills (Padjusted=.02; r=0.13). By using the
current pass mark for theoretical knowledge (ie, 60%), a significant differentiation between insufficient practical skills (<60%)
and sufficient practical skills (≥60%) was achieved (P=.02). However, for the discrimination between students with sufficient
practical skills and students with insufficient practical skills, an adapted pass mark for theoretical knowledge would be more
appropriate. The ideal pass mark amounted to 58% (P=.02).

Conclusions: Students’practical skills and theoretical knowledge are significantly correlated. By objectively measuring students’
theoretical knowledge, a rough estimation of students’ practical skills (ie, a differentiation between sufficient and insufficient
practical skills) is possible.

(Interact J Med Res 2023;12:e46305) doi: 10.2196/46305
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Introduction

Measuring the outcome of education (ie, theoretical knowledge
and practical skills) is one of the major issues in dental

education. Preclinical teaching within the German undergraduate
dental curriculum consists of 6 semesters. During this time,
students are taught theoretical knowledge and practical skills
for a variety of subjects. Usually, written examinations and
practical skills tests are performed to monitor the students’
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progress; their capability to apply the acquired knowledge; and,
therefore, their ability to treat patients during the subsequent
clinical part of the undergraduate dental curriculum. Theoretical
knowledge is often objectively assessed via written examinations
that use different multiple-choice item types. Practical skills
are often assessed by simulating clinical situations that have to
be mastered by students. Without any doubt, the implementation
of practical skills tests is a complicated process that requires a
large amount of time and personnel input [1]. Therefore, several
previous studies aimed to assess the correlation between the
theoretical knowledge and practical competence of medical
students [2-5]. However, only a few studies have evaluated the
relation between theoretical knowledge and practical skills
among dental students [1,6]. These studies assessed the
correlation between students’ achievements in written
examinations and objective structured clinical examinations
and reported a significant but moderate correlation between
both assessments’ scores [1,6].

Ideally, written examinations predict students’ competence and
preparedness for further challenges and advanced practice at
the end of a preclinical course. Moreover, the measurement
process should prevent false-negative results (failing a student
who is competent) and false-positive results (passing a student
who is incompetent) [7]. Similarly, when applying theoretical
knowledge as a predictor for students’practical skills, an optimal
cutoff value has to be calculated, so that the number of
false-negative results (theoretically failing but being practically
capable) and false-positive ones (theoretically passing but being
practically incompetent) is reduced to the greatest possible
extent.

In the field of endodontics, both the transfer of theoretical
knowledge and the acquisition of basic practical skills play
important roles in dental education [8]. A survey regarding
undergraduate endodontic teaching among dental schools in the
United Kingdom reported that lectures, seminars, tutorials, and
laboratory or practical learning were the most frequently applied
teaching formats [9]. Furthermore, the Undergraduate
Curriculum Guidelines for Endodontology of the European
Society of Endodontology recommends practical supervision
by endodontic specialists or by educators with special interest
and training in endodontics [8], which emphasizes the need for
practical skills acquisition. However, detailed theoretical
knowledge concerning root canal anatomy is a prerequisite for
successful endodontic treatment [10]. A survey among
undergraduate dental students confirmed the relevance of
sufficient anatomical knowledge, as 74% of the students did
not feel competent in treating posterior and multirooted teeth
with complex anatomies [11]. Moreover, sufficient knowledge
about the correct use of endodontic instrumentation systems
and their properties, which differ due to the different alloys that
these systems are made of, is required for error avoidance during
root canal treatment [12]. Without any doubt, theoretical
knowledge and the acquisition of practical skills seem to be
important factors related to successful endodontic treatment.
However, to the best of our knowledge, the correlation between
these competencies and the predictive validity of theoretical
examinations on the practical capability of dental students in
preclinical courses have not been evaluated so far.

This study aimed to analyze the relation between students’
theoretical knowledge and practical skills in endodontics.
Furthermore, the predictive validity of a theoretical knowledge
assessment on students’ practical skills was assessed, and an
optimal cutoff value for theoretical knowledge was defined.

The null hypothesis was that students’ theoretical knowledge
does not impact practical skills.

Methods

Ethics Approval
This study was approved by the local ethics committee of
University Medical Center Göttingen (approval number:
23/10/22). The data analyzed in this study were routinely
generated during students’ undergraduate dental education.
Participating students did not receive any compensation. The
local ethics committee allowed for the secondary analysis of
the data set without additional consent. The data set was
anonymized prior to this study.

The use of anonymized extracted human teeth in routine
teaching practices was approved by the local ethics committee
of University Medical Center Göttingen (approval number:
27/8/13). Prior to the collection of extracted teeth during routine
care, patients received written information, and informed consent
was obtained.

Participants
All students who were enrolled in the preclinical phantom course
in Operative Dentistry (sixth semester of the undergraduate
dental curriculum in Germany) between the 2015 summer term
and the 2022 summer term were included in the retrospective
analysis. Students who did not participate in both the practical
skills test and the final written examination (eg, course dropout
or absence from examinations due to illness) were excluded.

Assessment of Theoretical Knowledge
Theoretical knowledge was assessed in summative electronic
examinations, using the CAMPUS examination software
(Umbrella Consortium for Assessment Networks [13]).
Examinations took place at the end of each term and consisted
of 30 items. Among these, single-choice items with 5 answer
options (Type A items), multiple-select items with 4 to 6
statements (Multiple-True-False items), multiple-select items
with 5 to 8 answer options (students were aware of the total
number of true answer options that should be selected [Pick-N
items]), and open-ended items were used. Single-choice and
open-ended items were scored dichotomously (ie, examinees
received either 0 or 1 credit point per item). Multiple-True-False
items were scored according to the Vorkauf method [14] (in the
literature, the terms Halbpunkt-Bewertung [14], Half-point
Scoring [15], and Vorkauf Method [16] are used); examinees
received 1 credit point if all statements per item were marked
correctly, 0.5 credit points if only 1 statement per item was
marked incorrectly, and 0 credit points if more than 1 statement
per item was marked incorrectly. Pick-N items were scored
according to the method proposed by Bauer et al [17] (in the
literature, the terms Partial Scoring 50% [18] and PS50 [18] are
used); examinees received 1 credit point if all true answer
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options were marked, 0.5 credit points if at least half of the true
answer options were marked, and 0 credit points if less than
half of the true answer options were marked. Prior to the
examinations, all items were reviewed by multiple educators
using a checklist for content and formal correctness. The total
examination time amounted to 90 seconds per item. A fixed
pass mark of 60% was applied.

Each examination covered 3 topics (Cariology/Restorative
Dentistry, Endodontics, and Periodontics), but only items on
endodontics were considered in this study to allow for a
comparison with practical skills in endodontics. Students’
theoretical knowledge was calculated as a relative percentage
score based on the number of gained credit points.

Assessment of Practical Skills
Practical skills were assessed once per term in a standardized
practical skills test. Students were given 2.5 hours to perform
an endodontic treatment on an extracted human premolar. Teeth
were previously embedded in polymethyl methacrylate (Paladur
[Kulzer GmbH]) at their physiological position in full-arch
models. During the examination, models were mounted in their
maxillary or mandibular position and placed in a phantom head
(Phantomkopf PK-2 with face mask P-6 GM [Frasaco GmbH]).
During the treatment, the use of a rubber dam was mandatory.
Assessed treatment steps included (1) the preparation of an
endodontic access cavity, (2) the determination of endodontic
working length, (3) the preparation of root canals, (4) the cold
obturation of root canals by using gutta-percha and sealer, and
(5) the cleaning of the endodontic access cavity. Before
(preoperative), during (verification of working length), and after
the treatments, x-ray images were taken.

Each treatment step was rated by an endodontic specialist using
a piloted spreadsheet. For each treatment step, up to 3 raw points
were awarded based on students’ performance, and a final
practical achievement score was calculated as a relative
percentage score. Again, a pass mark of 60% was applied.

Statistical Analysis
All statistical analyses were performed by using the software
R (version 4.2.1; R Foundation for Statistical Computing) [19].
The level of significance was set at an α of .05.

Variables that potentially impacted students’practical skills (ie,
age, sex, previous course participation, and theoretical

knowledge) were tested univariately, using Pearson correlations
(continuous variables) or Wilcoxon rank sum tests (categorical
variables). P values were corrected for multiple testing according
to the Bonferroni-Holm method. Subsequently, variables were
simultaneously entered in a multiple linear regression model.

The number of students with a practical skills level of ≥60%
(ie, sufficient) or <60% (ie, insufficient) was determined. By
applying the current pass mark of 60% for theoretical
knowledge, these students were further categorized as students
with a theoretical knowledge mark of <60% or ≥60%. The
distribution of students among the four emerging categories
was determined by using a Fisher exact test.

To determine the best lower limit for theoretical knowledge,
the receiver operator characteristic curve method was applied
at 1% intervals. Again, participants were divided into groups
of students with a practical skills level of ≥60% or <60%. For
the construction of the curve, the number of students with a
theoretical knowledge level below a sliding delimiter among
both groups was calculated. The Youden index (θ [theoretical
knowledge≥delimiter | practical skills≥60%] + θ [theoretical
knowledge≥delimiter | practical skills<60%] – 1) and the
negative log of Fisher P values were used to calculate an optimal
theoretical knowledge cutoff value.

Results

Participants
A total of 447 students with paired measurements of practical
skills and theoretical knowledge were included in this study.
Descriptive data and the univariate effect of each variable on
students’ practical skills are shown in Table 1. Only the level
of theoretical knowledge was significantly associated with
practical skills (Padjusted=.02), indicating a small effect size
(r=0.13).

The effects of the assessed variables on students’practical skills
were further analyzed via linear regression analysis, as shown
in Table 2. The overall model was significant (F4,442=2.442;

P=.046; R2
adjusted=0.013), indicating a small effect size (f2=0.01)

[20]. Again, only the level of theoretical knowledge was
associated with students’ practical skills (P=.006). Therefore,
the null hypothesis must be rejected.
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Table 1. Univariate effects of assessed variables on students’ practical skills (practical achievement score).

Adjusted P valueaValueVariable

>.9925.06 (3.44)Age at time of practical skills test (years), mean (SD)

.38Sex, n (%)

307 (68.7)Female

140 (31.3)Male

>.99Previous course participation, n (%)

412 (92.2)No

35 (7.8)Yes

.0276.54 (18.5)Theoretical knowledge (score), mean (SD)

aContinuous variables were assessed with P values from Pearson correlations. Categorical variables were assessed with P values from Wilcoxon rank
sum tests.

Table 2. Linear regression modela.

P valueEstimate, BVariable

.85−0.037Age at time of practical skills test

.19−1.939Sex (female vs male)

.890.364Previous participation (yes vs no)

.0060.102Theoretical knowledge

aIntercept=69.971 (P<.001).

Relation Between Theoretical Knowledge and Practical
Skills
The relation between students’ theoretical knowledge and
practical skills is shown in Figure 1. By applying the current

pass mark for theoretical knowledge, a significant differentiation
was achieved (P=.02; Fisher exact test).

Figure 1. The relation between students’ theoretical knowledge and practical skills. The regression line and 95% CI (dashed lines) are shown. To pass
the practical skills test, a minimum practical achievement score of 60% was required (green-shaded area). For the theoretical knowledge assessment in
written examinations, a pass mark of 60% was used (vertical line). The P value was obtained from a Fisher exact test.
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Predictive Validity of Theoretical Knowledge on
Practical Skills
Based on a fixed pass mark of 60% for practical skills, the area
under the receiver operator characteristic curve amounted to
59.2% (95% CI 45.7%-72.1%; Figure 2).

The best lower limit (ie, pass mark) for theoretical knowledge
was 58%, as indicated by the maximized negative log of Fisher
P values (1.710) and a Youden index of 0.155 (Figure 3). The
associated odds ratio amounted to 2.58 (95% CI 1.13-5.59),
indicating that students with a theoretical knowledge mark below
58% are 1.22 times more likely to show insufficient practical
skills (<60%).

Figure 2. The receiver operator characteristic curve and 95% CI (dashed lines) of theoretical knowledge marks. The putative pass mark for theoretical
knowledge was used as a sliding delimiter (0%-100%). AUC: area under the curve.

Figure 3. The relation between the Youden index and theoretical knowledge (blue line) and the relation between the negative log of Fisher P values
and theoretical knowledge (red line) are shown. The putative pass mark for theoretical knowledge was used as a sliding delimiter (0%-100%). Smoothed
lines are shown. The maximized Youden index and negative log of Fisher P values are indicated by the vertical line.
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Discussion

Principal Findings
This study shows that a significant differentiation between
students with sufficient practical skills and students with
insufficient practical skills can be achieved by applying the
currently used pass mark of 60% on written examinations
assessing theoretical knowledge. Nevertheless, it must be
mentioned that every test has its limitations and unavoidably
results in a specific number of false decisions. Aiming to
maximize the number of correctly categorized students (ie, true
positives: theoretically passing and being practically capable;
true negatives: theoretically failing and being practically
incapable), we calculated the best lower limit for theoretical
knowledge, which amounted to 58%. Furthermore, the results
of this study indicate that students who show insufficient
theoretical knowledge (ie, those who achieve a score below
58% in the written multiple-choice examination) are 1.22 times
more likely to show insufficient practical skills (ie, achieving
a score below 60% in the practical skills test).

Comparison to Prior Work
The assessment of clinical competence is one of the major issues
in medical and dental education. Written examinations,
especially those consisting of multiple-choice items, are widely
used to objectively assess students’ theoretical knowledge
[2,4,6]. However, no single assessment tool that measures all
facets of clinical competence has been established yet [21]. The
Miller pyramid illustrates several stages of clinical competence,
using the terms knows, knows how, shows how, and does [22].
Multiple-choice items in written examinations are suitable for
assessing both basic facts and applied knowledge (ie, the two
lower levels of the Miller pyramid) [21]. Higher levels of clinical
competence need to be tested by using practical skills tests or
by simulating clinical situations, such as in objective structured
clinical examinations [21]. However, according to the Miller
pyramid, it is suggested that practical skills are based on
sufficient theoretical knowledge. Moreover, the implementation
of practical skills tests is cost-intensive, requires many resources,
and results in a large amount of personnel effort [1]. Due to
these circumstances, previous studies investigated the
relationship between the theoretical knowledge and practical
skills of medical students [2,4,23-26]. Many of these studies
found a significant but weak to moderate correlation between
theoretical knowledge and practical skills [1,2,4,6,23,24].
However, some studies failed to show a significant correlation
between students’ theoretical knowledge and practical skills
[25,26], leading to contradicting results.

Only a few studies have explored the relation between the
theoretical knowledge and practical skills of undergraduate
dental students [1,6]. Confirming the findings of other previous
investigations in medicine, these studies found a moderate
correlation between theoretical knowledge and practical
performance [1,6]. Similarly, our study shows that theoretical
knowledge is significantly associated with practical skills among
undergraduate dental students performing root canal treatments
(Padjusted=.02). Two of the major advantages of being able to
anticipate the future practical performance of dental students

are the possibilities of early intervention and individual
promotion. Students who do not perform well on written
examinations may benefit from closer monitoring during the
early stages of clinical practice. Likewise, students with
excellent theoretical performances may be further encouraged
and challenged by providing them with more complex cases.

Strengths and Limitations
The major strengths of this study are the large number of dental
students who participated in the preclinical phantom course in
Operative Dentistry between the 2015 summer term and the
2022 summer term and the inclusion of student-related variables
(ie, age, sex, and previous course participation). However,
different limitations are also present. First, the assessed
predictive validity of students’ theoretical knowledge on
practical skills was based on the used written examinations and
practical skills tests. Second, the practical skills tests used
extracted human premolars, which potentially could have
resulted in inequities. However, all teeth were assessed via x-ray
images prior to the practical skills tests, and teeth were excluded
if any anatomical difficulties were obvious. Thereby, similar
levels of difficulty for the practical skills tests were ensured.
The use of extracted human teeth in endodontic skills tests is
recommended, as students’ performance on tests involving
artificial teeth does not predict their future performance during
clinical treatments [27]. Third, the results reflect the competence
of undergraduate preclinical course students in performing root
canal treatments on extracted teeth of low-level difficulty.
Further research is required to assess the relation between the
theoretical knowledge and practical competence of more
experienced students who treat patients and are confronted with
more demanding tasks (ie, during clinical teaching). Fourth, the
COVID-19 pandemic occurred in the middle of the study period.
However, practical teaching was always fully carried out on
site while ensuring sufficient physical distancing (eg, students
were placed in 2 cohorts), and theoretical knowledge was
partially taught via the internet, as outlined in a previous
publication [28]. Thereby, all participating students completed
the full practical curriculum, and the pandemic likely did not
impact the presented results.

Future Directions
Although this study found statistically significant results, the
weak correlation does not warrant an exact prediction of the
practical skills test outcome. Even though the results confirm
that the acquisition of sufficient theoretical knowledge is
associated with adequate practical skills, the need for the
integration of practical courses must be emphasized.
Interestingly, the linear regression model of this study shows
that previous but unsuccessful participation in the preclinical
phantom course had no effect on the outcomes of the practical
skills tests when compared to first-time participation in the
course. Moreover, 2 previous studies regarding students’
self-perceptions during practical courses reported that most
dental students still do not feel confident and competent when
performing nonsurgical root canal treatments, especially on
premolars and molars [11,29]. This study confirms that
theoretical knowledge and extensive practical training (beyond
the preclinical course) in endodontics are required to
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comprehend the importance of each single step in endodontic
treatment [30].

Conclusion
This study provided valuable information concerning the relation
between students’ theoretical knowledge and practical skills for

performing endodontic treatments. By objectively measuring
students’ theoretical knowledge, a rough estimation of students’
practical skills (ie, a differentiation between sufficient and
insufficient practical skills) is possible.
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