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Problem-based learning is an experiential and student-centred learning method to practice important skills like querying, critical
thinking, and collaboration through pair and group work. The study is aimed at comparing the effectiveness of problem-based
learning (PBL) and traditional teaching (TT) methods in improving acquisition of radiographic interpretation skills among
dental students. Clinical trials (randomized and nonrandomized) were conducted with the help of dental students studying
oral radiology using PBL and TT methods and assessing radiographic interpretation skills, knowledge scores, and satisfaction
level as outcomes. Articles published from PubMed/MEDLINE, DOAJ, Cochrane Central Register of Controlled Trials, and
Web of Science were searched. The quality of the studies was evaluated using the Cochrane Collaboration Tool, the MINORS
Checklist, and the Risk of Bias in Nonrandomized Studies of Interventions (ROBIN-I) tool. Meta-analysis was done using
Review Manager 5.3. There were twenty-four articles for qualitative synthesis and 13 for meta-analysis. The cumulative mean
difference was found to be 0.54 (0.18, 0.90), 4.15 (-0.35, 8.65), and -0.14 (-0.36, 0.08) for radiographic interpretation skills,
knowledge scores, and satisfaction level, respectively, showing significant difference favouring PBL as compared to TT except
for satisfaction level which favoured the TT group. To understand the long-term effectiveness of PBL over TT methods in oral
radiology among dental students, well-designed long-term randomized controlled trials are needed.
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1. Introduction

Knowledge transfer is a major concern in improving educa-
tional practices. “Knowledge” is categorized into three areas
by the cognitive psychologists as “declarative knowledge,”
“procedural knowledge,” and an ill-defined grey zone
between declarative and procedural knowledge that includes
the reasoning skills often described as critical thinking and
problem solving [1]. Traditional teaching methods often fol-
low linear or modular learning, which is a highly directed,
controlled, and program-centred approach as directed by
the tutor, wherein the learners complete the given activities
without developing the critical reasoning skill [2].

To develop problem-solving ability, one must progress
from convergent thinking to critical thinking by adopting
a learner-centric approach, emphasizing on self-directed
learning and designing interlinkable yet independent
resources that the learner can explain in his or her own
words [3]. Problem-based learning (PBL) is an educational
approach in which a problem serves as an incentive
toward finding solutions leading to active, self-motivated,
and dynamic education [4]. PBL was introduced into
health sciences education at McMaster University in 1969
and was first introduced to dental education at the Faculty
of Odontology in Malmd, Sweden, in 1990 [5].

The core model of PBL (see the overview of Barrows in
1996) is composed of the following six characteristics: learn-
ing is student centred, learning occurs in small student
groups, tutors are facilitators or guides, problems form the
organizing focus and stimulus for learning, problems are a
vehicle for the development of problem-solving skills, and
new information is attained through self-directed learn-
ing [6].

Oral radiology is an indispensable part of undergraduate
and postgraduate dental training. Radiographs form an essen-
tial diagnostic tool for patient assessment and treatment plan-
ning and form the mainstay of all clinical specialties of
dentistry [7]. Learning the basic skills of interpretation of
intra- and extraoral radiographs requires having (1) mastery
in perception, which is the ability to recognize abnormal
patterns on a radiograph, and (2) cognition, i.e., the ability to
interpret these abnormal patterns to arrive at a diagnosis
which are the two distinguishable and inseparable compo-
nents of visual diagnosis [8].

Traditionally, during the clinical posting of Oral Radiol-
ogy, the dental students are taught about skills of radio-
graphic interpretation in a batch of 10-12 students by the
tutor. This type of learning is passive and teacher-centred,
and therefore, the students may develop a minimal capacity
for adopting a deep approach to learning, searching for dee-
per meaning and personal relevance in the topic and are
therefore unable to apply learned concepts in new situations
competently [9].

The emergence of newer nonlinear teaching and learning
methods such as action-based learning, competency-based
education, contextual- and inquiry-based learning, lifelong
learning, problem-based learning, and self-directed learning
showed a tremendous increase of educational literature on
conduction and implementation of these new learning
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appraches [10]. In the same way, oral radiography teaching
has been going through a renovation from the traditional
didactic system to an approach of problem-based learning
whereby students take a more active role in their learning.
The flipped classroom (FC) model is an integrated method
for learning in which students review content ahead of the
classroom session and teachers use class time for active
learning [11]. Implementation of syndicate-based learning
[9] and the one-minute preceptor (OMP) model provide
experiential learning to the students for future practice
[12]. Radiology simulator-supported training [13] and digi-
tal environments allow visual communication between the
educator and the learner, thus promoting appealing and
engaging participation and better understanding [14]. The
above studies on problem-based learning, as compared to
traditional teaching methods, have reported acceptable pos-
itive gains in cognitive outcomes.

There are few systematic reviews in dentistry that have
compared the effectiveness of PBL with traditional teaching
approaches across various specialties of dentistry, but none
have been specifically done to assess the effectiveness of
these newer approaches in the field of oral medicine and
radiology. The aim of this systematic review is to summarize
the evidence and compare the effectiveness of PBL with that
of traditional teaching approaches in improving acquisition
of radiographic interpretation skills among dental students.
The null hypothesis is as follows: “There is no difference in
PBL and traditional teaching approaches in improving
acquisition of radiographic interpretation skills among den-
tal students.”

2. Methods

This systematic review and meta-analysis are written and
reported according to the Preferred Reporting Items for Sys-
tematic Review and Meta-Analyses (PRISMA) statement and
registered in PROSPERO under number CRD42020184441.
The proposed focused research question in the Patient, Inter-
vention, Comparison, and Outcome (PICO) format is as
follows: “Is there a difference in the effectiveness of problem-
based learning (PBL) versus traditional teaching methods
(TT) in improving acquisition of radiographic interpretation
skills among dental students?”

2.1. Search Strategy. A comprehensive electronic search was
carried out by two of the authors independently (STK, JG)
on databases, such as PubMed/MEDLINE, Cochrane Cen-
tral Register of Controlled Trials, and Web of Science until
June 2020 to retrieve articles in the English language. A spe-
cific electronic search of journals presented in Table 1 was
conducted. The searches in the clinical trials database,
cross-referencing, and grey literature were conducted using
Google Scholar, Greylist, and OpenGrey. The complete pro-
cess of the literature search is mentioned in Screening
Process.

Medical Subject Heading (MeSH) terms, keywords, and
other free terms combined with Boolean operators (OR,
AND) were used for searching articles. The search strategy
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TaBLE 1: The search strategy and PICOS tool.

Search strategy

Focused question

Search strategy

Is there a difference in the effectiveness of problem-based learning (PBL) versus traditional teaching
(TT) methods in improving acquisition of radiographic interpretation skills among dental students?

(Dental students [MeSH] OR dental undergraduate students [text word] OR undergraduate students

Population

[text word] OR dentistry students [text word] OR post graduate students [text word] OR students

[text word] OR bachelor of dental surgery [text word])

(Problem-based learning [MeSH] OR syndicate learning [text word] OR blended learning [text word]

Intervention

OR schema-based learning [text word] OR smartphone use [text word] OR experiential learning [text word]
OR active learning [text word] OR problem based curricula [text word] OR one minute preceptor [text word]

OR simulation-based learning [text word] OR conventional training [text word])

Comparisons

(Lecture [MeSH] OR instructional learning [text word] OR instructional method [text word] OR
traditional clinical training [text word] OR traditional didactic method [text word])

(X-ray image [text word] OR dental X-ray [text word] OR X-ray diagnosis [text word] OR oral
radiography [text word] OR dental radiography [text word] OR radiographic image interpretation

Outcomes

[text word] OR interpretation skills [text word] OR diagnostic accuracy [text word] OR dental X-ray

diagnostic accuracy [text word] OR dentomaxillofacial radiology [text word] OR radiographic image

interpretation [text word])

(Clinical trials [MeSH] OR randomized controlled studies [text word] OR randomized control

Study design

trials [MeSH] OR randomized control clinical trial MeSH OR non-randomized control trials [text word]
OR quasi experimental studies [text word] OR before and after study design [text word] OR cohort studies

[text word] OR in vivo study [text word])

Search combination
Database search
Language
Electronic databases

Journals

Period of publication

#1 AND #2 AND #3 AND #4

No restriction (articles in English language or other language where English translation is possible.)
PubMed/MEDLINE, Cochrane Central Register of Controlled Trials, Web of Science

Dentomaxillofacial Radiology, European Journal of Dental Education, Journal of
Contemporary Medical Education, BMC Medical Education, Journal of Dental Education

1-1-2000 to 30-06-2020

and population, interventions, comparisons, outcomes, and
the study design (PICOS) tool are presented in Table 1.

2.2. Inclusion Criteria Outline according to the PICOS
Strategy

(i) Population (P): studies reporting dental undergrad-
uate and postgraduate students who are taught the
subject of oral medicine and radiology

(ii) Interventions (I): problem-based learning, case-based
learning, syndicate learning, case-based blended
learning, one-minute preceptor, small-group teach-
ing, simulation teaching, virtual teaching, schema-
based teaching, and active learning

(iii) Comparison (C): dental students who receive other
learning schemes that are traditional methods of
teaching/non-problem-based learning-lectures, pas-
sive learning, and instructional learning

(iv) Outcome (O): primary outcome—improved radio-
graphic interpretation skills, knowledge, and stu-
dent’s perception; proficiency test of the dental
students

(v) Secondary outcome: student perceptions towards
PBL methods

(vi) Study design (S): clinical trials, randomized con-
trolled studies, nonrandomized control trials, qua-
siexperimental studies, before and after study
design, and cohort studies comparing the effect of
PBL and traditional training

Since RCTs are considered a gold standard of clinical tri-
als, we intended to include those. Also, we included the other
studies, as they are the most common study types which
included human participants as their subjects. Ultimately,
we aimed to summarize the evidence, and we tried to include
all the types of study designs mentioned above for the same.

2.3. Exclusion Criteria. Review reports, case series, cross-
sectional studies, and survey reports were excluded. The arti-
cle which did not report the elements of PBL as described by
Barrows in 1996 [6] was excluded. In addition, articles
reporting about a single intervention were excluded. Articles
reporting only abstracts were also excluded.

2.4. Screening Process. The search and screening according to
the previously established protocol were conducted by two
reviewing authors independently (STK, JG). Firstly, the titles
and abstracts were analysed. Secondly, full-text articles were
chosen for in-depth reading and analysed as per the inclu-
sion and exclusion criteria for data extraction. All these
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FiGure 1: PRISMA flow diagram.

above processes were done separately by the two reviewers,
and then the level of agreement between the two reviewers,
calculated by Cohen’s kappa (k), was 0.94 for titles and
abstracts and 0.96 for full texts. The differences among
authors/reviewers were resolved by the third author (AMP)
after discussion. For the clarification of doubts and missing
data of the included studies, the respective authors were
contacted by email if needed (none were contacted in our
study).

2.5. Data Extraction. Two independent authors (SM, AML)
extracted the following data independently and then corre-
lated the data from the included studies. The data extracted
was recorded under following headings: study identification
number, authors, study design, follow-up, number of sub-
jects, age, gender, method of education, oral radiology
knowledge, radiographic interpretation skills, student’s satis-
faction, effect size, and author’s remarks.

2.6. Assessments of the Risk of Bias and Quality. The level of
evidence for every included study was assessed using the
Joanna Briggs Institute (JBI) Levels of Evidence [15]. Risk of
bias for the selected randomized controlled trials (RCTs) was
executed by using the Cochrane Collaboration Tool [16]
which including random sequence generation, allocation con-
cealment, blinding of participants, incomplete outcome data,
selective reporting, and other biases, while quality assessment
of the same was done by the Agency for Healthcare Research

and Quality (AHRQ) standard [17]. The quality assessment
of nonrandomized studies was done using the MINORS
checklist [18] with no restriction on the follow-up period
being considered appropriate for the included studies, and
the risk of bias was done using Risk of Bias in Nonrandomized
Studies of Interventions (ROBIN-I) [19].

2.7. Statistical Analysis. Review Manager (RevMan) 5.3 was
used for statistical analysis. The combined results were
expressed as mean difference (MD) and standard deviation
for the continuous data at 95% confidence intervals (Cls)
and P < 0.05 was considered significant. Statistical heteroge-
neity was assessed by the I* test at a = 0.10. For I* > 50%, the
random-effects model was applied. A funnel plot (plot of
effect size versus standard error) was generated to examine
possible publication bias.

3. Results

3.1. Literature Search. The PRISMA statement flowchart
summarizing the selection process is shown in Figure 1.
Among the 24 full-text articles, 13 were selected after pre-
screening, applying the eligibility criteria, and addressing
the PICOS question. Eleven studies were excluded since 9
did not have appropriate outcome variables and 2 studies
had an inappropriate study group; hence, only 13 studies
were included in the qualitative and quantitative analysis.
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3.2. Study Characteristics. There are 13 studies included in
this review, the general characteristics of which are pre-
sented in Table 2. The studies included were conducted in
different countries as follows: Australia [10], Brazil [20,
21], Greece [22], India [9, 12], North Carolina [23], South
Korea [24], Sweden [25-27], and Toronto [8]. The study
design of eight studies was randomized control trial [9, 10,
12, 23, 25-28] and the remaining five were nonrandomized
studies [8, 20-22, 24].

All the participants included in the review were under-
graduate dental students undertaking training in dental
radiology [8-10, 12, 20-28]. A total of 835 participants were
part of the studies’ analysis, with 411 in the problem-based
learning group and 424 in the traditional teaching group.
All the participants already had the basic theoretical knowl-
edge about the principles of radiographic interpretation and
radiological features [8-10, 12, 20-28].

A significant methodological heterogeneity was observed
with respect to the teaching methods described between the
included studies. Hence, the teaching methods implemented
by the included studies were categorized as follows: (1)
problem-based learning methods—structured algorithm
condition, smartphone-based training, case-based learning,
syndicate learning, case-based blended learning, one-
minute preceptor, small-group teaching, simulation teach-
ing, virtual teaching, and schema-based teaching and (2)
traditional teaching methods—the tutor-led method in
which these radiographs were directly discussed by the tutor,
basic science learning conditions, and traditional lectures.
The problem-based and traditional teaching methods were
used in the different studies that follow.

Soltanimehr et al. [25] conducted a study among the
dental students to assess their theoretical knowledge and
radiographic interpretation skills using a virtual teaching
method which included the learning management system
(LMS) that offers online and offline access of multimedia
contents related to radiographic interpretations compared
with traditional classroom lecture-based education over a
period of 6 weeks. The virtual method was superior in
improving the theoretical knowledge as compared to the tra-
ditional methods and had equal efficacy towards clinical
reporting skills.

Ji et al. [24] conducted a study among third-year dental
students to compare their level of satisfaction and overall
self-awareness scores after the training program using
smartphone-based training and the traditional lecture-
based training in oral radiology. The smartphone-based
training focused on provision of learning materials in
advance via Google Classroom, schema assignments, group
discussion activities, professor feedback, peer review, and
tests (quizzes) for 1 week in groups of 10. Students in the
control group who took part in traditional lectures partici-
pated in regular classes only. The authors concluded that
even though the smartphone education with schema-based
assignment was an attractive approach in oral radiology,
the students showed lower levels of satisfaction with the
same.

In a study by Busanello et al. [20], a digital learning
object (DLO) method having two main sections comprising
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TaBLE 3: Level of evidence according to JBI levels of evidence.

Sr. no. Study ID Level of evidence
L. Baghdady MT et al., 2014 2c
2. Busanello FH et al., 2015 2¢
3. Cruz AD et al., 2014 2¢
4. Howerton WB et al., 2002 1c
5. Ji YA et al, 2018 2c
6. Kavadella A et al., 2012 2¢
7. Lohe V et al., 2015 1c
8. Naik Z et al., 2015 1d
9. Nilsson TA et al., 2011 1c
10. Nilsson TA et al., 2007 1c
11. Sodestrom T et al., 2012 1d
12. Soltanimehr E et al., 2019 1d
13. Vuchkova J et al., 2012 1d

of radiopaque and radiolucent radiographic images of crown
and root changes was evaluated. The images were also
accompanied by hypertexts and clinical images for explana-
tion as there was no presence of teachers. Sections with
assignments and a quiz to empower students to practice
and test their newly acquired knowledge were also added
in DLO. The DLO was compared with conventional lectures
to assess the radiographic diagnosing skills of undergraduate
students. After 3 weeks with three 50 min classes per week,
the study advocated that DLO was superior to the conven-
tional teaching methods in improving the performance of
the students.

Lohe and Singh [9] evaluated and compared effective-
ness of syndicate learning with traditional learning for final
BDS students in Oral Medicine and Radiology. In the syndi-
cate learning method, students were given five radiographs
having bony lesions for discussion, and they were free to
use various resource materials like class notes, books, inter-
net, etc., They had to complete the interpretation of the
given radiographs by using the standard departmental
reporting method in about 2h during their clinical posting
as well as present the report to the tutor who gave construc-
tive feedback followed by active discussion. A tutor-led
method in which the same five radiographs were directly
discussed by the tutor was followed in the traditional learn-
ing method.

Naik and Umarani [12] assessed and compared the per-
formances of the III BDS students in intraoral radiographic
interpretation of periapical diseases using a structured check-
list, namely, the objective structured radiographic interpreta-
tion (OSRI), after the one-minute preceptor and traditional
training. The OMP group students were divided into small
groups of six to seven students, and five different intraoral
periapical radiographs of periapical diseases were discussed
for a duration of 20 minutes. Then, the students interpreted
the intraoral radiographs under the guidance of OMP princi-
ples for duration of one week. In the traditional training
method, the students verbally interpreted the radiographs
on a daily basis for a period of one week.
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Baghdady et al. [8] assessed the effectiveness of nonan-
alytic strategies, ie., making a diagnosis first and then
identifying the radiographic features as compared to ana-
Iytic strategies, i.e., identifying visual features first and then
committing to a diagnosis using basic science instructions
or a step-by-step algorithm among 2nd-year dental and
dental hygiene students to test their diagnostic accuracy
and memory retention skills immediately after learning
and one week later. In the basic science learning condi-
tion, a causal explanation for the radiographic features
along with its underlying pathophysiology were presented
in its training material, whereas in the structured algo-
rithm learning condition, the training included the same
radiographic features but without the basic disease mecha-
nism information.

Cruz et al. [21] assessed the immediate impact of dis-
tance learning using the Moodle platform by replacing it
with traditional classroom learning for learning dental
anatomy intraoral periapical radiographs. The traditional
educational setting in a classroom was made by way of
radiographic slabs, indicating anatomical structures, accom-
panied by a textbook describing the anatomical structure
along with support from a teacher which was replaced by
the digitalization of images and texts with a description of
the anatomical structures related to imprints in images which
were used to create the Moodle e-course.

A blended course which is a combination of face-to-face
and online instruction was compared to conventional
courses for its educational effectiveness on undergraduates
in oral radiology by Kavadella et al. [22]. A blended course
on differential diagnosis of mixed radiolucent-radiopaque
bone lesions was developed, and its electronic version was
uploaded to an e-learning educational platform. The stu-
dents in the conventional group attended weekly lectures
by the instructor, supported by PowerPoint presentations.
Educational effectiveness of the course was determined by
analysing the results of the knowledge-based questionnaires
and the tests, which demonstrated that blended learning was
effective as compared to conventional learning.

Sodestrom et al. [28] compared the influence of two
learning conditions—a screen-based virtual reality radiol-
ogy simulator and a conventional PowerPoint slide presen-
tation—that teach radiographic interpretation to dental
students working in small collaborative groups. The profi-
ciency tests administered before and after training assessed
interpretations of spatial relations in radiographs using par-
allax showing that the simulation-training group exhibited
significant development as compared to the conventional
group.

Vuchkova et al. [10] constructed a digital interactive
learning tool consisting of PowerPoint presentation slides
having text and labels denoting various anatomical features
generally apparent in radiographs as an online resource to
assist second-year dental students with their learning of
radiographic anatomy and was compared to a conventional
radiology textbook. All participants were then assessed on
their understanding of radiographic anatomy. The results
demonstrated improved quality of learning indicating strong
preference for the digital interactive learning tool.
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FIGURE 2: Risk of bias summary for the included studies.

Nilsson et al. [26, 27]. conducted a study to assess the
immediate as well as long-term effect of simulator-based
training on the skill to interpret spatial information in radio-
graphs as compared with conventional training. The simula-
tor program was highly interactive having imaging and
feedback qualities that cannot be performed in the real world.
The participants in the experimental group trained individu-
ally using the simulator in two sessions of 45 minutes each.
The control group used the ordinary educational material,
consisting of cases with two or three intraoral radiographs
accompanied by questions regarding projections and inter-
pretation of spatial relations utilizing parallax with the tutor
having a more active role in the control group.

The follow-up postintervention ranged from immediate
assessment to about 8 months at maximum [ 8-10, 12,
20-28]. The drop out observed at follow-up ranged from
2.12% to 21% overall [ 8-10, 12, 20-28] (Table 2).

The outcome parameters assessed varying postinterven-
tions across the studies. Except for two studies [22, 24], all
the other eleven studies [8-10, 12, 20, 21, 23, 25-28] assessed
radiographic interpretation skills by quantitative means using
a radiographic interpretation test, proficiency score, and diag-
nostic accuracy scores; the knowledge score was assessed by
four studies [20, 22, 24, 25]. Satisfaction scores were assessed
by two studies [22, 24]. Overall, postintervention results
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F1GURE 3: Risk of bias graph for all the included studies.
TaBLE 5: Risk of bias judgement for nonrandomized trials (ROBIN-I tool).
Bias domain Baghdady Busanello Cruz AD etal, JiYA etal, Kavadella
MT et al, 2014 FH et al, 2015 2014 2018 A et al, 2012

Bias due to confounding N N N N N
Bias in selection of participants into the study N PN N N PN
Bias in classification of interventions N N N N N
Bias due to deviations from intended interventions N N N N N
Bias due to missing data PN N N N N
Bias in measurement of outcomes N N N N N
Bias in selection of the reported result N N N N N
Overall bias @ @

Green circle=low risk; yellow circle=moderate risk; red circle=high risk; N=number; PN=partial number.

favour improvements in the intervention groups in the
assessed outcome parameters [8-10, 12, 20-28].

3.3. Assessments of the Level of Evidence, Risk of Bias and
Quality. According to the JBI level of evidence, it appears
that four studies [9, 23, 26, 27] were ranked at 1c¢, four stud-
ies [10, 12, 25, 28] as 1d, and the remaining five studies [8,
20-22, 24] as 2c (Table 3).

Quality assessment showed a huge variety across the
included studies. Risk of bias of the eight randomized con-
trolled trials (RCTs) was executed according to Cochrane
Risk of Bias Tool [16] and quality assessment by the
Agency for Healthcare Research and Quality (AHRQ)
standard [17] (Table 4). Two studies [9, 27] showed a low
potential risk of bias, four studies [10, 23, 25, 28] showed a
moderate risk of bias, and two studies [12, 26] showed a high
potential risk of bias (Figures 2 and 3). According to AHRQ,
two studies [9, 27] showed good quality, one study [23]
showed fair quality, and the remaining five [10, 12, 25, 26,
28] studies showed poor quality (Table 4).

The risk of bias of five nonrandomized studies was exe-
cuted according to the ROBIN-I tool, where two studies
[21, 24] showed low risk and the remaining three studies

[8, 20, 22] showed moderate risk of bias (Table 5), whereas
quality assessment was assessed using the methodological
index for nonrandomized studies (MINORS) [18] for com-
parative studies wherein three studies [8, 20, 24] showed a
score of 20 and the remaining two studies showed the score
of 19 [22] and 22 [21] each. The detailed scores of the studies
are presented in Table 6.

3.4. Synthesis of Results. The studies that received any kind
of PBL intervention vs. controls concerning the radio-
graphic interpretation skills were analysed first. A study
by Baghdady et al. [8] included 2 separate intervention
and control groups which were analysed separately as two
different studies. Therefore, on deducing the forest plot for
twelve studies [8-10, 12, 20, 21, 23, 25-28], the mean differ-
ence in the proficiency score showed a positive difference of
0.54 (0.18, 0.90) with the random effect model based on the
heterogeneity value of I* which was statistically significant
favouring the intervention group. Out of the twelve included
studies in the forest plot for proficiency scores, nine studies
[8, 9, 12, 20, 23, 25-28] showed positive mean difference
values (Figure 4). A low risk for publication bias for this
meta-analysis was indicated by the funnel plot (Figure 5).
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PBL TT Mean difference Mean difference
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Baghdady MT 2014 (1) 0.54 0.15 18 059 0.4 18 14.8% -0.05[-0.14,0.04] "
Baghdady MT 2014 (2) 0.66 0.17 15 0.66 0.18 22 14.7%  0.00[-0.11,0.11]
Busanello FH 2015 701 118 32 606 12 32 107%  0.95[0.37,1.53] -
Cruz AD 2014 6.78 1.43 62 701 147 60 11.7% -0.23[-0.75,0.28] T
Howerton WD 2002 17.5 117 29 136 83 30 05%  3.90 [-1.29,9.09] N D —
Lohe V 2015 445 0.71 40 3.57 0.87 40 13.1% 0.88 [0.53, 1.23] -
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Nilsson TA 2007 418 1.09 28 372 139 29 10.1%  0.46 [-0.19, 1.11] ™
Nilsson TA 2011 4 089 20 392 132 25 10.0%  0.08 [-0.56,0.72] T
Sodestrom T 2012 14.94 4.35 18 13 506 18 1.2%  1.94[-1.14,5.02] -
Soltanimehr E2019  15.13 078 20 1471 092 19 11.2%  0.42[-0.12,0.96] ~
Vuchkova J2012 50 12.34 33 51.3417.08 31 0.2% -1.34[-8.68,6.00]
Total (95% CI) 347 356100.0% 0.54 [0.18, 0.90] *
Heterogeneity: Tau? = 0.22; Chi2 = 0117.49, df = (P < 0.00001);I2= 91% T T T T
Test for overall effect: Z = 2.92 (P = 0.003) -10 -5 0 5 10
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FIGURE 4: Forest plot for radiographic interpretation skills.
0 -SE (MD) o 4. Discussion
|
14 i o Through this systematic review and meta-analysis, the null
! hypothesis was rejected, thus indicating that there is a differ-
1 © ence in PBL and traditional learning approach in improving
27 1 acquisition of radiographic interpretation skills among den-
i o tal students. Traditional lectures are still a common instruc-
3 ! tional method of delivering information verbally and are
| mainly a one-way method of communication that does not
o i involve significant students’ participation but relies upon
- ! . . . et
4 ! passive learning. Lectures are useful in transmitting core
! knowledge and concepts especially to a large audience, but
5 , , . , _MD due to their nontransactional nature, they do not assess
-10 -5 0 5 10 learning, offer varied perspectives, differentiate instruction,

Ficure 5: Funnel plot for publication bias for radiographic
interpretation skills.

The forest plot in Figure 6 demonstrates a significant dif-
ference in mean knowledge score between the PBL group
and the TT group in all included studies assessed using the
random effect model. The implant mean difference in the
knowledge score for 116 and 117 students in the PBL and
TT groups, respectively, in the included four studies [20,
22, 24, 25] was 4.15 with a minimum and maximum of
-0.35 and 8.65, respectively. The funnel plot for this meta-
analysis is displayed in Figure 7.

Figure 8 illustrates a forest plot showing a significant dif-
ference in satisfaction level favouring the TT group com-
pared to the PBL group in the two included studies [22, 24]
assessed using the random effect model. One study by Ji
et al. [24] reported a negative change in the mean difference
score of satisfaction level. Hence, the overall mean difference
in the satisfaction level score showed a negative difference of
-0.14 with a minimum and maximum of -0.36 and 0.08,
respectively. Figure 9 demonstrates a funnel plot indicating
a low risk for publication bias for this meta-analysis.

or allow students to self-direct [29]. But, the evolving
methods of student learning necessitate the evolution of
teaching methods [30]. The problem-based learning
approach is an active learning method that fosters a variety
of skills like teamwork, information finding, discussions,
explanation of new information, and decision making among
the students [29].

Dental radiology clinical practice mainly consists of
radiograph acquisition and image interpretation centred on
real clinical cases [24]. Varying approaches adopting the
PBL objectives have been implemented in teaching oral radi-
ology and are compared to the passive, teacher-centred tra-
ditional teaching approaches.

This systematic review and meta-analysis revealed the
different kinds of problem-based learning approaches, which
were mainly short-term interventions [8-10, 12, 20-25, 27,
28], except for one study [26] which was found to extend
for 8 months. This review selected interventions targeted
towards teaching oral radiology wherein all the students
already had the basic theoretical knowledge about the prin-
ciples of radiographic interpretation and radiological fea-
tures and differential diagnosis [8-10, 12, 20-28]. To run
any program of robust nature, funding plays an important
role. Of the 13 studies included in the review, only four
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FiGUrg 7: Funnel plot of publication bias for knowledge score.

studies had international funding and collaboration [25-28],
while the remaining nine studies were self-funded [25-28].
Ethical approval of a research project also helps to increase
the legitimacy of research findings as well as plays a vital role
in decision making based on the research results. Ten
included studies in this review have mentioned about taking
institutional ethical approval before the start of their study
[8-10, 12, 20, 23, 25-28].

In the present systematic review, the educational effec-
tiveness of the included studies [8-10, 12, 20-28] was
assessed based on (i) the students’ radiographic interpreta-
tion skills through mean proficiency and diagnostic accuracy
scores, (ii) the students’ performance through the knowledge
tests, and

(iii) the level of satisfaction through the PBL methods;
except in the study conducted by Ji et al. [24], only surveys
on self-awareness of competency were conducted, and the
students’ achievement in terms of their true competency
were not evaluated. Validity refers to how accurately a
method measures what it is intended to measure. To obtain
useful results, the methods and instruments used to collect
data must be valid which ensures that the discussion of the
data and the conclusions drawn are also valid. Twelve out
of thirteen studies have tested the validity of the instrument
used for assessing the outcomes [ 8-10, 12, 20-23, 25-28].
Without a doubt, all the included studies [8-10, 12, 20-28]
have successfully accomplished their study objectives.

For the radiographic interpretation skills, twelve studies
[8-10, 12, 20, 21, 23, 25-28] were included in the meta-

analysis showing a significant difference favouring experi-
mental groups. The introduction of new problem-based
learning methods such as structured algorithm [8], syndicate
learning [9], OMP [12], web-based learning [21], simulation
[26-28], and virtual-based learning [10, 20, 23, 25] effec-
tively facilitated student’s exploration and self-study along
with improved critical thinking as compared to traditional
didactic. Also, the absence or passive role of tutors in the
groups enabled students to take more responsibility for their
own learning which was translated into improved radio-
graphic interpretation skills.

For the knowledge score outcomes, four studies [20, 22,
24, 25] were included in the meta-analysis showing a signifi-
cant difference favouring experimental groups. This
improvement might be because of implementation of active
learning methods that organized and systematized knowl-
edge over memorization-based education, thus highlighting
the importance of nonlinear education; encouraging students
to favour self-directed, engaging learning; and confirming
their clinical reasoning and problem-solving through
schema-based assignments [24], blended learning [22], digi-
tal object learning [20], and virtual learning [25]. Also, a
higher level of satisfaction was observed among the learners
with improved learning because of easy and greater access
to educational content via a virtual learning environment.

For the satisfaction level outcomes, two studies [22, 24]
were included in the quantitative synthesis showing a signif-
icant difference favouring the traditional teaching group,
which was controversial to other studies which were not
included in this meta-analysis due to inappropriate outcome
measures. The study conducted by Ji et al. [24] reported less
satisfaction with respect to their interest in participation in
schema-based learning as compared to those who received
traditional training; this was because the students were unac-
customed to smartphone-based training, and the lack of
immediate feedback by the professor made them lose inter-
est in schema-based learning. In the study conducted by
Kavadella et al. [22], it was reported that the students felt
that blended learning was more demanding and was much
more work than conventional training.

This systematic review included both randomized [9, 10,
12, 23, 25-28] and nonrandomized controlled trials showing
heterogeneity in the included studies. Only four studies [9,
21, 24, 27] showed low risk of bias, whereas per AHRQ for
randomized controlled trial, only two studies [9, 27] out of
eight showed good quality, while five studies [10, 12, 25,
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26, 28] were of poor quality due to inadequate random
sequence generation, allocation concealment, and blinding
of participants and personnel. In all the RCTs included [9,
10, 12, 25-28], except for one by Howerton et al. [23], the
outcome assessment was done using objective assessment
tools where the investigator had a passive role; hence, blind-
ing of outcome assessment showed low risk of bias. How-
ever, in majority of the studies included, the sample size
was not estimated leading to small sample sizes and
decreased power of study. Also, a loss to follow-up of more
than 5% was observed in four studies [8, 23, 24, 26] with
21% being the maximum. In publication bias, all of the fun-
nel plots presented represent smaller studies with no benefi-
cial effects. The methodological quality of majority of the
studies is low except for few studies reporting radiographic
interpretation skills which indicate absence of bias with rep-
licable methodology (Figures 5, 7, and 9).

The present review has some limitations. It was not pos-
sible to fully avoid the clinical heterogeneity among the
included studies. The sample size of the studies was small,
thus lacking statistical power. Furthermore, the studies were
conducted while the students were unused to the new
method, which exerted a significant influence on their satis-
faction levels. Also, there is a need for more trained staff for
the tutoring process and learning the new methods of PBL.
Students must relearn how to learn and teachers must
relearn how to teach [4, 24]. Individual teaching method-
wise analysis was not taken into consideration in the analy-
sis. The subgroup and sensitivity analyses could have been
performed to rule out the potential reasons for heterogene-

ity; however, this was not possible as there were small num-
ber of studies included under similar outcomes. There is no
long-term evidence on the effectiveness of these interven-
tions in oral radiology in improving radiographic interpreta-
tion skills, knowledge scores, and satisfaction levels among
dental students. This may be due to the variability of PBL
methods deployed in the individual studies.

In order to understand whether or not PBL methods are
superior to traditional teaching methods in oral radiology
among dental students, well-designed long-term random-
ized controlled trials are needed. This study was planned
with a systematic review and a meta-analysis as these are
both highly effective at analysing studies conducted on sim-
ilar topics [31, 32]. Systematic reviews are efficient in quality
evaluation of studies, while a meta-analysis is an objective
method to carry out statistical analysis of various studies
depending on their quality.

5. Conclusion

In conclusion, there was a difference in the evidence gath-
ered showing that there is a difference between PBL and
TL approaches and indicating that problem-based learning
methods were effective in improving radiographic interpre-
tation skills and knowledge scores over a short period. PBL
was not effective for improving the satisfaction level among
the students where the findings were conflicting. However,
PBL fostered activation of prior learning, high motivation
to learn, and the development of self-directed learning skills
among the dental students.
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