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ABSTRACT

INTRODUCTION: This study aimed to evaluate the effect of traditional and step-by-step education protocols on the quality of Class
1V direct composite resin restorations performed by preclinical students.

MATERIAL and METHODS: A hundred and twenty dental students enrolled in their third year (56 females, 64 males) were included
in the study and allocated to the traditional (control) or step-by-step education (experimental) group using stratified randomization (28
females, 32 males, n=60). Following the relevant education protocol, all students performed class IV composite restorations using the
silicon index technique on the pre-fractured artificial upper incisor. The quality of the restorations was evaluated double-blindly and
scored according to the restoration parameters. The data were statistically analyzed with the Mann-Whitney U test at a significance
level of a<0.05.

RESULTS: The step-by-step education group performed better than the traditional group (p<0.05) regarding the palatal and labial
morphology, marginal adaptation, and finishing/polishing parameters. The quality of the restorations in both groups was similar
regarding the void formation and color transition parameters (p>0.05).

CONCLUSION: Students in the step-by-step education group created more successful restorations than their peers in the traditional
group. The step-by-step education method may be a promising one for increasing student success in skills training.
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GIRIS: Bu ¢alismanin amaci, geleneksel ve kademeli editim protokollerinin preklinik égrencileri tarafindan silikon indeks teknigi
kullanilarak yapilan Sinif IV direkt kompozit rezin restorasyonlarin kalitesi lizerindeki etkisini degerlendirmektir.

YONTEM ve GERECLER: Calismaya iigiincii sinifa kayitl yiiz yirmi dis hekimligi 6grencisi (56 kadin, 64 erkek) dahil edilmistir.
Ogrenciler tabakali randomizasyon kullanilarak geleneksel egitim (kontrol) veya kademeli egitim (deney) grubuna ayrilmistir (her
grupta 28 kadin, 32 erkek, n=60). Ogrenciler ilgili egitim protokolii dahilinde, standart sekilde kirik simiilasyonu olusturulmus fantom
list kesici diglere silikon indeks ybntemiyle sinif 1V direkt kompozit rezin restorasyon uygulamislardir. Kompozit rezin restorasyonlarin
kalitesi ¢ift kér olarak degerlendirilerek palatal ve labial morfoloji, marjinal adaptasyon, restoratif materyalde bosluk olusumu, renk
gecisi ve bitim/cila gibi restorasyon parametrelerine gére skorlanmisgtir. Veriler istatistiksel olarak a<0.05 anlamlilik diizeyinde Mann-
Whitney U testi ile analiz edilmisgtir.

BULGULAR: Kademeli egitim grubundaki 6grenciler, geleneksel egitim grubundakilere kiyasla palatal ve labial morfoloji, kenar uyumu
ve bitim/cila kriterleri agisindan daha bagarili restorasyonlar olusturmuslardir (p<0,05). Restoratif materyalde bosluk olusumu ve renk
gecisi kriterleri agisindan iki gruptaki restorasyonlarin kalitesi benzerdir (p>0,05).

SONUGC: Genel olarak, kademeli editim grubundaki égrenciler, geleneksel egitim grubundaki akranlarina kiyasla daha basarili
restorasyonlar olusturmuslardir. Kademeli egitim yéntemi beceri egitiminde grenci basarisini arttirabilecek umut vaat edici bir egitim
ybntemi olabilir.
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INTRODUCTION

Dentistry is a practical discipline highly based on
manual dexterity. Dental education plays a vital role in
developing manual skills '. A successful education
system should enable the instructor to understand
multiple education methods and meet the student's
learning demands 2. Considering growing evidence of the
effects of teaching methods on the quality of education,
teaching strategies in dental education have also been
questioned 3. It is emphasized that the traditional
education system in today's dentistry should be
strengthened with innovative methods °.

The preclinical term constitutes the backbone of the
undergraduate dental education system. During
preclinical education, dental students start learning all the
techniques from the basics until they master the
necessary practices ’. The traditional instructor-centered
education is the oldest and most widely applied dental
education model in which the instructor directly controls
the transfer of knowledge and the demonstration of skill
practice 8. Traditional preclinical restorative dentistry
education consists of successive course steps. First, the
instructor presents the theoretical lecture, and then the
practical demonstration. Finally, the student is expected
to remember all the stages from the beginning to the end
and then practice the skill. In traditional, all-in-one
education, dental students must learn and master all the
skills at once. However, when students encounter
intricate multistep procedures such as a direct Class IV
composite resin restoration, the teaching effectiveness of
the traditional education method may decrease due to
overwhelming complexity. A series of dental materials
and instruments are used at each stage of such a
restoration procedure, which may lead to confusion and
be challenging for preclinical dental students °.

Recently, student-centered approaches in dentistry
education that encourage students to participate actively
in learning have been popular '°. More recently, an
innovative instructor-student interactive education
model, the step-by-step education method, has been
introduced in dental education > !> 2, This novel teaching
method combined instructor-centered and student-
centered approaches ®.

The step-by-step education method has emerged as a
promising approach to enhancing the learning outcomes
of dental students. It involves breaking down complex
procedures into manageable, sequential tasks. By
focusing on individual steps, students can master each
procedure component before moving on to the next,
reducing the likelihood of errors in the step-by-step
education method. Several studies have demonstrated the
practical application of step-by-step learning in various
dental education settings. Nonetheless, there appears to
be a dearth of literature on the step-by-step education
method. Therefore, this study aimed to evaluate the effect
of traditional and step-by-step education protocols in

dental preclinical skills practice on the students’
performance on direct Class IV resin restoration with the
silicon index technique. The null hypothesis was that no
difference would exist between students' performance
receiving two different educational protocols on direct
Class IV composite resin restoration skill practice.

MATERIALS and METHODS
Grouping of the students

This study was carried out upon the approval of the
local ethics committee of Aydin Adnan Menderes
University Non-Interventional Clinical Research Ethics
Committee (Approval No: 2022/02-05). The minimum
sample size was calculated using G*Power (V.3.1.9.4;
Heinrich Heine University of Dusseldorf, Dusseldorf,
Germany). Based on previous research °, with a 95%
confidence (1-a), 95% test power (1-B), and d=0.939
effect size, it was determined that a minimum of 31
students in each group (62 students in total) should be
included in the study. However, 120 preclinical students
(56 females, 64 males) enrolled in the third year of Aydin
Adnan Menderes University Faculty of Dentistry in the
2022-2023 academic year volunteered to participate in
the study. Through stratified randomization, female and
male students were distributed randomly and equally into
two groups by having the female students drawn from the
sealed red envelopes and the male students from the blue
ones. Thereby, the students were allocated either to the
traditional education (control) group [n=60 (28 females,
32 males)] or to the step-by-step education
(experimental) group [n=60 (28 females, 32 males)].

Each artificial tooth model was assigned a
sample/student number using a simple random sampling
method through an online research randomizer software
(https://www.randomizer.org). An independent
investigator filled out Data Form-1 by recording the
sample/student number, the group, and the student's
gender, and kept it without sharing it with researchers
until the statistical analysis data entry stage.

Pre-course preparations

The instructor ensured the standardization of the
restorative materials, pre-fractured artificial teeth, and
silicon indexes for the skill practice of preclinical
students under both education protocols.

Clearfil Majesty Esthetic composite resin (shades A1,
A2, and OA2, Kuraray Medical Co., Tokyo, Japan),
Filtek Ultimate Flowable Restorative composite resin
(shade OA3, 3M ESPE, St. Paul, MN, USA), K-Etchant
etching gel (Kuraray Medical Co, Tokyo, Japan), and
Optibond Universal adhesive resin (Kerr Corporation,
Orange, CA, USA) materials were allocated for each
student to be used for the direct Class IV composite resin
restoration with the silicone index technique.
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Before simulating the anterior tooth fracture, the
instructor created a palatal index for each intact artificial
model using a silicone impression material (Zetaplus,
Zhermack, Italy). Afterward, a standard-sized oblique
tooth fracture was prepared on each artificial right
maxillary incisor using a diamond bur attached to a high-
speed aerator under water cooling. At the end of the
relevant procedure, an unbiased, blind researcher verified
the suitability of the silicon indexes and the
standardization of pre-fractured artificial teeth.

The independent investigator delivered restorative
materials, pre-fractured artificial teeth, and silicone
indexes to the students in transparent Ziplock refrigerator
bags. Except for the sample/student number, no
information about the student's identity or group was
present on the delivery bags or specimens.

Organization of the course

Before the lesson, the instructor informed all students
that the course content was the same in both groups, yet
the educational methods differed. Thereafter, the
instructor collected voluntary informed consent.

The students in the traditional education group
attended the preclinical laboratory between 08:30 and
10:00 hours, and those in the step-by-step education
group between 10:30 and 12:00. Using this arrangement,
we planned that there would be no communication about
the novel education method between the students in both
groups as much as possible. Optimal working conditions
were provided for both groups, and the students' time of
entry to the clinic was considered when the evaluation
was made.

One instructor accomplished all theoretical lectures
and skill practice demonstrations in both groups. The
lesson was broadcast live to the students through the
audiovisual equipment mounted on the instructor’s and
students’ desks. Thereby, the students simultaneously
followed the lecture presentation and practical
demonstration.

Class IV composite resin restoration with the silicone
index technique on the artificial tooth model included the
following demonstration steps: 1- Create a silicone
palatal index on the intact artificial model. 2- Simulate
the anterior tooth fracture by preparing the right incisor
with an aerator. 3- Bevel the labial margin and smooth
the sharp irregularities. 4- Perform the adhesive
procedures. 5- Reconstruct the palatal wall, approximal
contours, and incisal edges. 6- Use various composite
resin materials with different shades and opacities and
complete the restoration with the incremental technique.
7- Finishing and polishing.

In the traditional education protocol (control group),
the instructor completed the theoretical presentation and

performed all practical demonstrations in a single session
without a break. Afterward, the students were allowed to
perform all related restoration steps from the beginning
to the end to fulfill the skill practice. In the step-by-step
education protocol (experimental group), the triad
composed of the instructor's theoretical presentation,
practical demonstration, and student’s skill practice was
repeated successively in each step of the restorative
procedure. The restoration procedures related to the
isolation and composite shade selection were mentioned
only in the theoretical presentation, as these would only
be valid while practicing on human teeth in the clinical
setting, not artificial teeth of standard color.

As the instructor standardized the first two steps of
the restoration procedure, the students were enabled to
perform the restoration steps following the second step.
At the end of the study, all students delivered the artificial
teeth they restored to the independent investigator by
putting them back in their refrigerator bags. The
independent investigator mixed the specimens in an
empty cardboard box before giving them to the
researchers.

Evaluation of the quality of the restorations

Two researchers with at least ten years of experience
in the specialty of restorative dentistry performed a
double-blind evaluation for the direct Class IV composite
resin restorations applied by the students under both
educational protocols. Evaluation criteria consisted of
different restoration parameters, which are palatal and
labial morphology, marginal adaptation, void formation,
color transition, and finishing/polishing. When scoring
each parameter, the investigators gave a Score 2 to a
successfully completed parameter, a Score 1 to a
clinically acceptable parameter that might be improved
further with simple corrections, and a Score 0 to a
clinically unacceptable parameter that would necessitate
the replacement of the restoration (Table 1). The scoring
system used in this study is based on an institutional
method that has been routinely applied in preclinical
restorative dentistry education at our faculty. The
instructors developed, discussed, and periodically
revised it to suit educational needs and provide a
consistent, pedagogically relevant assessment of student
performance. A similar approach has also been reported
in previous literature %, where the scoring was based on a
traditional system used in institutional education and
revised by specialists and teaching faculty.

Keeping up with the sample number, the researchers
recorded the evaluation score for each parameter in Data
Form 2. If there was a discrepancy in the scores, both
researchers re-evaluated the relevant criteria until they
reached a consensus.
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Table 1. Scoring criteria for restoration parameters.

Scoring Criteria

Score 2 Score 1 Score 0
Palatal Successful Clinically acceptable Clinically unacceptable
Morphology The palatal form closely replicates ~ The palatal form demonstrates a The restoration's palatal form
the natural anatomical morphology. clinically acceptable adaptation to  is inconsistent with the natural
the anatomical form, with slight anatomical morphology.
modifications and polishing
required for optimal integration.
Labial Successful Clinically acceptable Clinically unacceptable
Morphology The labial form closely replicates The labial form demonstrates a The restoration's labial form is
the natural anatomical morphology. clinically acceptable adaptation to  inconsistent with the natural
the anatomical form, with slight anatomical morphology.
modifications and polishing
required for optimal integration.
Marginal Successful Clinically acceptable Clinically unacceptable
Adaptation The restoration margins are well- The restoration margins are well-  The dental explorer catches at

adapted, with no detectable
irregularities upon exploration with
a dental probe.

adapted, with slight irregularities
that can be eliminated by
repetition of finishing/polishing.

the margins of the restoration,
indicating marginal
discrepancies or overhangs.

Void Formation

Successful
No void exist

Clinically acceptable

Voids exist that can be eliminated
by repetition of

Clinically unacceptable

Voids exist that cannot be
eliminated by repetition of

finishing/polishing. finishing/polishing
Color Successful Clinically acceptable color Clinically unacceptable sharp
Transition Smooth color transition at the transition at the restoration-tooth ~ color transition.

restoration-tooth interface. interface that can be further

improved with minimal repetition

of finishing/polishing.
Finishing Successful Clinically acceptable slight Clinically unacceptable
Polishing There is no roughness in probing at ~ roughness that can be eliminated roughness that requires

the restoration-tooth interface.

by repetition of
finishing/polishing.

restoration replacement.

Table 2. The frequency of the scores for the evaluation parameter of palatal morphology.

Palatal Morphology

Education Scoring Female Male Total Count (n) Percent (%)
Protocol

Score 0 2 1 3 5.0

Score 1 10 18 28 46.7
Traditional

Score 2 16 13 29 48.3

Total 28 32 60

Score 0 0 0.0

Score 1 13 21.7
Step-by-Step

Score 2 22 25 47 78.3

Total 28 32 60

Score 0 2 1 3 2.5

Score 1 16 25 41 342
Total

Score 2 38 38 76 63.3

Total 56 64 120

The step-by-step education protocol was significantly different from the traditional education protocol for the palatal morphology parameter

(p<0.001).




Int Arc Dent Sci. 2026, 47(1): 33-40

Table 3. The frequency of the scores for the evaluation parameter of labial morphology.

Labial Morphology
Education Protocol Scoring Female Male Total Count (n) Percent (%)
Score 0 4 7 11 18.3
Score 1 12 15 27 45.0
Traditional
Score2 ________ 12 _______ o ______ 2z 36.7
Total 28 32 60
Score 0 0 1 1 1.7
Score 1 10 9 19 31.7
Step-by-Step
Score2 _______ 18 2 8’ 66.7
Total 28 32 60
Score 0 4 8 12 10.0
Total Score 1 22 24 46 38.3
o Seored 30 2 8 517
Total 56 64 120

The step-by-step education protocol was significantly different from the traditional education protocol for the labial morphology parameter (p<0.001).

Table 4. The frequency of the scores for the evaluation parameter of marginal adaptation.

Marginal Adaptation
Education Protocol Scoring Female Male Total Count (n) Percent (%)
Score 0 4 7 11 18.3
Score 1 6 11 17 28.3
Traditional
Score 2 18 ___1_{ ____________ 2 533
Total 28 32 60
Score 0 0 1 1 1.7
. Score 1 10 9 19 31.7
ep-DY=Step Score 2 82 0 66.7
Total 28 32 60
Score 0 4 8 12 10.0
Score 1 16 20 36 30.0
Total
Score 2 36 3% 7o 60.0
Total 56 64 120

The step-by-step education protocol was statistically different from the traditional education protocol for the marginal adaptation parameter (p=0.043).

Table 5. The frequency of the scores for the evaluation parameter of void formation.

Void Formation

Education Protocol Scoring Female Male Total Count (n) Percent (%)
Score 0 2 1 3 5.0
Traditional Score 1 2 10 12 20.0
Score 2 24 21 45 75.0
Total 28 32 60
Score 0 0 1 1 1.7
Step-by-Step Score 1 3 3 6 10.0
Score 2 25 .28 53 88.3
Total 28 32 60
Score 0 2 2 4 33
Total Score 1 5 13 18 15.0
Score 2 49 4 98 81.7
Total 56 64 120

The step-by-step education protocol and traditional education protocol were statistically similar for the void formation parameter (p=0.058).
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Table 6. The frequency of the scores for the evaluation parameter of color transition.

Color Transition
Education Protocol Scoring Female Male Total Count (n) Percent (%)
Score 0 3 6 9 15.0
Score 1 10 15 25 41.7
Traditional
Score 2 15 11 26 433
Total 28 32 60
Score 0 2 2 4 6.7
Score 1 10 16 26 433
Step-by-Step
Score 2 16 14 30 50.0
Total 28 32 60
Score 0 5 8 13 10.8
Score 1 20 31 51 42.5
Total
Score 2 31 25 56 46.7
Total 56 64 120

The step-by-step education protocol and traditional education protocol were statistically similar for the color transition parameter (p=0.279).

Table 7. The frequency of the scores for the evaluation parameter of finishing/polishing.

Finishing/Polishing
Education Protocol Scoring Female Male Total Count (n) Percent (%)
Score 0 3 9 12 20.0
Traditional Score 1 24 22 46 76.7
Seore2 l L 2 33
Total 28 32 60
Score 0 0 2 2 33
Score 1 18 19 37 61.7
Step-by-Step Score2 10 ] no 21 35.0
Total 28 32 60
Score 0 3 11 14 11.7
Total Score 1 42 41 83 69.2
Seore2 12 2 192
Total 56 64 120
The step-by-step education protocol was significantly different from the traditional education protocol for the finishing/polishing parameter
(p<0.001).
Statistical Analysis RESULTS

The independent investigator delivered Data Form 1
immediately before the statistical analysis. After
combining Data Form 1 with Data Form 2, the related
data were entered into the IBM SPSS Statistics V20
(SPSS Inc., Chicago, IL, USA). The quality of the
restorations performed by the students under both
educational protocols was compared in terms of the
individual scores of each evaluation parameter and the
total score. Data were statistically analyzed with the
Mann-Whitney U test at a significance level of a.<0.05.

The total scores and individual scores for each
parameter of the restorations performed by the students
under both educational protocols were compared. Tables
2-7 demonstrate the frequency and percentage of the
scores for the evaluation parameters of palatal and labial
morphology, marginal adaptation, void formation, color
transition, and finishing/polishing.

The step-by-step education group produced
statistically higher scores in palatal morphology
(p<0.001), labial morphology (p<0.001), marginal
adaptation (p=0.043), and finishing/polishing (p<0.001)
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parameters than the traditional education group. There
was no significant difference between both educational
groups regarding the void formation (p=0.058) and color
transition (p=0.279) parameters.

Considering the total scores of the restorations
performed under two different educational protocols, it
was observed that the step-by-step education group
produced statistically significantly higher scores than the
traditional education group (p<0.001).

DISCUSSION

Mastering the skill of direct composite resin
restoration for anterior tooth fractures is valuable for
developing the knowledge and manual skills necessary to
specialize in aesthetic dentistry. In the restorative
dentistry curriculum, second-year preclinical students
learn the fundamentals of direct Class IV composite resin
restoration using a mono-shade composite resin with a
freehand technique on artificial teeth. Third-year
preclinical students advance to Class IV composite resin
restoration using multi-shade composite layering with
the silicone index technique on extracted natural human
teeth.

To ensure consistent substrate conditions in this
study, artificial teeth with standard tooth shade, shape,
and size were used instead of extracted human teeth. The
color transition parameter indirectly indicated students’
ability to prepare optimal margin beveling and perform
the incremental technique using various composite resin
materials with different shades and opacities. The void
formation parameter often correlates with insufficient
manual skills or unfamiliarity with restorative materials.
Students in both groups performed similarly in color
transition and void formation, possibly due to their prior
experience with margin beveling or familiarity with
restorative materials gained in their second-year
preclinical courses.

Given that the students in this study had no prior
experience with the silicone index technique, their
performance in restoration steps performed directly on
the silicone index is more indicative when comparing the
effectiveness of both educational methods. Precisely,
students encountered novel techniques within the scope
of this study, including reconstructing the palatal wall,
approximal contours, and incisal edges on the silicone
index.

In the silicone index technique, the quality of silicone
indexes directly influences the palatal surface
morphology of Class IV composite restorations.
However, in this study, the instructor created and
standardized the silicone indexes and fractured artificial
teeth, and an unbiased, blinded researcher verified their
quality before providing them to the students. Therefore,
the differences in palatal morphology stemmed from the
students' skill performance rather than variations in the
silicone index quality.

The step-by-step education group demonstrated
superior performance in palatal and labial morphology,
marginal adaptation, and finishing/polishing of the
restoration compared to the traditional group.
Additionally, considering the total performance of
restorations completed under both educational protocols,
the step-by-step education group significantly
outperformed their peers in the traditional education
group. Several aspects and advantages of the step-by-step
education method may account for this result.

Students may find it challenging to remember and
focus on a complex task with all its intricacies. The step-
by-step method addresses this by dividing a large,
complex, multistep task into smaller, simpler segments.
This approach narrows the scope of each task and reduces
the number of technical details to be recalled. Students'
ability to easily recognize the details of each task also
strengthens their self-confidence. Furthermore, this
method allows for continuous monitoring by the
instructor or the student at each stage. This encourages
students to seek guidance from the instructor to address
specific difficulties encountered during a particular step,
preventing errors from growing into irreversible issues in
the final restoration. In addition, the step-by-step method
creates an interactive learning environment, thus
enabling the students to receive immediate and
instructive feedback.

Research on teaching methodologies suggests that the
step-by-step education method surpasses teacher-
centered and  student-centered  approaches in
effectiveness. While limited research exists on the impact
of the step-by-step method on students' technical skills in
procedures like crown preparation ' 12, Class IV fracture
restoration °, or wisdom tooth extraction'3, existing
studies indicate its benefits. For instance, Liu et al. (2019)
demonstrated that the step-by-step method significantly
improved preclinical students’ skill performance
compared to traditional approaches, regardless of
whether assessments were conducted by students,
instructors, or digital systems'’.. Yuan et al. (2020)
similarly found that students learning with the step-by-
step method achieved higher restoration quality in less
time than those in an all-in-one learning environment °.
Further supporting this, Yang et al. (2024) reported that
the step-by-step teaching method enhanced dental
students' clinical skills and satisfaction during impacted
wisdom tooth extraction training, compared to the
traditional all-in-one method'3. Researchers attribute
these improvements to the step-by-step method's ability
to motivate goal-directed behavior, facilitate learning,
and increase performance in dental skills education * '!-
13, Lukas et al. (2019) observed that students responded
more favorably to the step-by-step approach than to
traditional education'!. Consistent with these findings,
we observed greater engagement, enthusiasm, and
interest among students in the step-by-step group,
although these observations were not reflected in the
study's statistical data.
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Our findings are consistent with prior research
evaluating the impact of the step-by-step education
approach on students' technical skills and success in
Class IV fracture restoration, crown preparation, and
wisdom tooth extraction. We observed that preclinical
students trained with the step-by-step education protocol
achieved more successful restorations than their peers
who received traditional education. Consequently, we
rejected the null hypothesis, which stated that there
would be no difference in student performance between
the two different educational protocols for Class IV direct
composite resin restoration skill practice.

To contextualize these findings, it is important to
acknowledge several limitations of the present study.
Although the use of artificial teeth allowed for
standardization of substrate conditions, it does not fully
replicate the optical and morphological characteristics of
natural dentition, which may limit the clinical
generalizability of the results. The evaluation was
confined to short-term preclinical performance without
assessing long-term outcomes or skill retention.
Additionally, participants were recruited from a single
institution, and individual differences in baseline manual
skills were not objectively assessed, which may have
influenced the results despite randomization. While the
silicone indexes were standardized and prepared by the
instructor to minimize variability, this process may not
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