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Introduction

The World Health Organization
recognises antimicrobial resistance (AMR) as one of
the greatest threats to human health [1]. According to
Health Service (NHS)
antimicrobial agents are used as a treatment for
are characterised by
widespread infection, long healing times, or having
serious complications [2]. Antimicrobial drugs are
i main
aminoglycosides,

the National

bacterial infections that

classified into  six
cephalosporins,

Abstract

AIM: This study aimed to assess the effectiveness of a recognised antimicrobial resistance (AMR) online module
on knowledge and perception among dental students, using a randomised controlled trial study design.

METHODS: Dental students (n = 64, aged 21-25 years) in clinical years agreed to participate in this triple-blinded,
parallel, randomised controlled trial. There were 34 students in the study group and 30 students in the control
group. The study group participated in an online course covering information about AMR, while students in the
control group received another online course about microorganisms in dentistry. Both groups were assessed
three times using online questionnaires: before the intervention (T1), after the intervention (T2), and two months
later (T3). Each one of T1, T2 and T3 had 22 questions. The questions were repeated each time in T1, T2, and T3
asking about AMR but with different question format, to avoid the possibility of students to memorise the answers.

RESULTS: The mean (m) of correct answers for all students on T1 was 12.56, with standard deviation (SD) of
3.2.0n T2, m = 14.03 and SD = 3.85, and on T3, m = 14.36 and SD = 3.71. Scores ranged from 0 to 22. The
participants in the study and control groups showed significant score improvements from T1 to T2, immediately
after the intervention, but there was no significant difference between T2 and T3. The study group students’
scores did not improve significantly from T1 to T3, in contrast to the control group students’ scores. More
importantly, there was no significant difference in improvement from T1 to T2 when comparing the study and
control groups.

CONCLUSION: Online courses might not be reliable learning methods for ensuring the optimal levels of AMR
knowledge that are needed by dental practitioners.

macrolides, and fluoroquinolones [2]. In dentistry,
several antimicrobial agents, including amoxicillin,
metronidazole, and doxycycline, are used after dental
extractions and treatment of dental abscesses,
periapical discharges, and infections [3]. These
antimicrobial drugs have many side effects, such as
diarrhoea, nausea, vomiting, abdominal pain, loss of
appetite, bloating, and indigestion [2]. In some cases,
the use of antimicrobial drugs may cause mild to
moderate allergies [2].

(WHO)

in England,

Nowadays, the NHS and health organisations

families: all over the world are attempting to decrease the

penicillins,
tetracyclines,
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prescribing of antimicrobials [2], especially for less
serious conditions, because overuse of antimicrobial
drugs (antibiotics) leads to decreasing effectiveness
[2], or AMR. The WHO defines AMR as the potential
for microorganisms to gain resistance to antimicrobial
agents [4] when misuse and overuse of antibiotics
make more sensitive bacteria die and allow non-
sensitive bacteria to proliferate [5]. By 2050, according
to the United Kingdom public sector information
website, 10 million deaths will occur each year
globally at the cost of $100 trillion for the global
economy due to the failure to acknowledge and
handle the threat from AMR [6].

Multiple systematic reviews and studies
highlighted that dentist in an increasing trend to
prescribe unnecessarily antibiotic [7], [8], [9]. A cross-
sectional study conducted in Saudi Arabia found
overall levels of AMR awareness are good among
dentists in the Western region; however, awareness of
antibiotic prescribing guidelines was insufficient [10].
Another national-scale study concluded that levels of
knowledge about AMR are inadequate among dentists
in Saudi Arabia on a national level [11]. Similarly,
other studies in other countries such as lItaly, Poland
and Yemen indicating insufficient knowledge about
antibiotic prescribing practices and AMR [12], [13],
[14].

Some randomized controlled trials (RCTS)
have been conducted among general medical
practitioners, health care professionals, and the
general public to assess the effects of an educational
program on attitudes about antimicrobial drugs, and
they have found promising results in terms of
improvements in knowledge about prescribing of
antibiotics [15], [16], [17], [18]. Similarly, a few
interventional studies have been conducted among
dental students and dental practitioners aimed at
improving knowledge and attitudes about prescribing
antimicrobial agents [19], [20]. One such study,
conducted among dental students in three European
countries, used an online interventional module and
found it was a helpful and effective tool for teaching
about prescribing practices for antimicrobial agents
[19]. This study noted that online intervention modules
are promising due to their low cost in comparison to
other interventions and because they can be widely
used among dental students and doctors without the
necessity to physically attend classes. However, this
was a preliminary study with a small sample size
(n=39), and the design lacked a control group.
Another study in Germany was aimed at optimising
antimicrobial prescribing behaviour among general
dentists by using an interventional seminar and
videotapes [20]. However, this was a methodological
paper without documented results.

Two auditing studies were conducted
examining interventions to improve antimicrobial
prescribing practices among dentists [21], [22]. One
was an audit and feedback interventional study on
antimicrobial prescribing in Scotland using the

Reducing Antibiotic Prescribing in Dentistry (RAPID)
program with a face-to-face educational presentation
[21]. The other was an audit intervention study in
England [22]. Both studies found a significant
decrease in antimicrobial prescribing after auditing.

Nevertheless, more interventional studies are
needed to assess improvement in AMR knowledge,
attitudes, and prescribing behaviours among dental
students and dentists. It is also important to assess
the effectiveness of online programs, given that they
are generally more convenient and cost-effective. No
interventional studies have been conducted to date in
Saudi Arabia that was aimed at improving dental
students’ or practising dentists’ knowledge of AMR,
despite documented low levels of such knowledge.
Thus, this study aimed to evaluate the effectiveness of
an AMR online module for improving knowledge about
AMR among dental students in Saudi Arabia, using a
randomised controlled trial study design. This
interventional article aimed to assess the ability of
online course as a convenient and low-cost solution to
increase the level of knowledge and awareness about
AMR in a dental practice. Such findings might be
useful to validate the effectiveness of another similar
online course in some universities, and might be a
potential method to be applied by other health
organisations.

Material and Methods

Design and participants

A parallel randomised controlled trial design
(1:1) that was tripling blinded and used an active
reference group was selected for this study. The
participants were randomly allocated to either a study
group or a reference group. The participants in each
group received different content materials; however,
both courses were online (to ensure a similar way to
deliver the content material). The content material of
the reference group considered to be placebo
because the student received the content material
with no intention to improve AMR knowledge. The
intervention (in the study group) aimed to investigate
the effects of an online course on levels of knowledge
among dental students in Saudi Arabia. Male and
female students in their fourth, fifth, or sixth academic
year at the Dental Faculty of Umm Al-Qura University,
Makkah, Saudi Arabia, were invited to participate in
the study. The inclusion criteria were: 1. Student at
Umm Al-Qura University; 2. The dental student in the
fourth, fifth, or sixth year; and 3. Approve and submit
an online informed consent to participate in the study.

It should be mentioned that the bachelor of
dentistry in Saudi Arabia is seven years program,
starting with three non-clinical years and followed by
three clinical years and intern. Also, usually students
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admitted to dental school immediately after graduation
from high school at the age of 18 to 19.

Recruiting and randomisation

The study invitation link was disseminated to
class leaders of each academic year (both male and
female) along with consent forms in January 2018.
Students who agreed to participate filled out an online
form and were enrolled by a third party, to ensure
randomisation concealment and a confirmed number
of participants. After an enrollment list was created,
students were randomly assigned to either the study
or control group using Excel software or a random
number generator. The students with odd and even
numbers were allocated to either the study or the
control group by a third party. The third party gave
each group a special code that was revealed after
data analysis finished. This was important to ensure
that all participants, examiners and statistician were
not aware of the students’ allocation groups until data
analysis was finished. Thus, the study was triple
blinded.

The intervention and reference

None of the students was aware if s/he is in
the study or control group to ensure participant
blindness. Students in both groups received a link via
mobile phone text sent by a third party to ensure
examiner blindness. All the students went through a
similar process when they clicked on the link, as
shown in the participant's flow chart (Figure 1) and the
data collection process (Figure 2).

Assessed for eligibility
Enrollment (0= 200)
Randomized (n=97)

— T—

Excluded (n = 103)
- Refused to participate (n
103)

A

_— T

P CEEEEEEEE— T,
Allocated to reference control group (n = 48) Allacation

Allocated to intervention (n =49)
Received allocated placebo course (n = 30) Received allocated interventional course (n =
34)

Did not receive allocated intervention (as
they did not answer the questionnaire or take
the placebo course) (n = 18)

|

1 k.
Lost to follow-up (as they did not answer the Follow-Up Lost to follow-up (as they did not answer the
last follow up after 2 months of the placebo last follow up after 2 months of the
course (n= 5). interventional course (n = 10)

-
|rﬂ4 Analyzed (n = 34).

Figure 1: Flow of participants through the randomised controlled
trial

Did not receive allocated intervention (as
they did not answer the questionnaire or take

Analyzed (n=30)

First, they reviewed the consent form and
signed it by clicking “next.” Second, they filled out a
baseline questionnaire (T1). Third, they entered an
interventional online course or a reference group who
had placebo online course, according to their group
allocation. Fourth, immediately following completion of

the online course, students answered another
questionnaire (T2). These steps were done in
February 2018. Fifth, about two months after the
completion of the online courses (April 2018),
students received another follow-up questionnaire to
measure their knowledge retention (T3). In addition to
the time spent taking the intervention course or the
placebo course, students spent approximately 20 min
to answer each of the T1 and T2 questionnaires. They

spent approximately 7 min to answer the T3
questionnaire.
The study group’s interventional course

consisted of 25 slides with written material in English,
and participants were given an option to listen to an
accompanying audio recording of the written material.
The interventional video was approximately 9 min and
was aimed at improving participants’ knowledge about
AMR and the proper use of antimicrobial agents in
dentistry. The content of the intervention was derived
from different sources [4], [5], [6], [23], [24], [25] and
was validated by a panel of eight dental consultants
from a content point of view.

The content was divided into seven sections:
the definition of AMR, introduction, types of actions of
antibiotics, how AMR develops, causes of AMR, the
dentist’s role in reducing AMR, and proper prescribing
of antibiotics by dentists. The link for the study group
course can be accessed from here:
https://goo.gl/forms/7RA079LPB5H6YEQ33.

The reference group was given an online
course about microorganisms in dentistry (with no
mention of anything related to AMR), consisting of 34
slides and written material in English. This video was
about 5 min, and the content was derived from a
previous resource [23]. This course was divided into
eight sections: definition of normal flora, types of
normal flora, common habitats of human microbial
flora, changes of oral flora with lifestyle and oral
habits, benefits of resident oral flora, disadvantages of
resident oral flora, and factors modulating the growth
of bacteria in the oral cavity. For ethical reasons, after
completion of the T3 questionnaire, all students in the
reference group received a link for the main
interventional course to improve AMR knowledge and
prescribing behaviour. The link for the control group
course can be accessed from here:
https://goo.gl/forms/2IMWNuG4WBuUZSyEk2

Both courses’ links were sent separately and
individually to participants in avoid intervention
contamination. Both courses were previously
evaluated in two pilot studies using 12 students to
ensure the validity of the intervention and the
questionnaire. Also, the courses were adjusted
concerning technical problems, content, structure, and
course usability.

The process of recruitment of participants and
the flow of the study are shown in Figure 2.
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Long-term
follow-up
(T3): after the
intervention

Informed Intervention/

consent placebo by 2 months
Baseline Short-term
questionnaire follow up
(T1); before questionnaire
the (T2): after the
intervention intervention
immediately immediately

Figure 2: Data collection process

The questionnaires

Students in both groups received three
guestionnaires: baseline before the study (T1),
immediately after the intervention/placebo (T2), and a
follow-up two months later (T3). The T1 and T3
guestionnaires were identical. The T2 questionnaire
contained the same questions as in T1 and T2 but
with minor differences in wording to eliminate the
chances of participants remembering the questions.
All three questionnaires (T1, T2, and T3) consisted of
two sections and had a total of 28 questions. Section
one was composed of 22 questions regarding
knowledge of AMR that were either in the form of
multiple-choice questions with only one correct
answer or questions where participants needed to
select all the correct answers from a list. Section two
was composed of six demographic questions asking
about an academic year, gender, marital status,
financial status, GPA, and phone number. The phone
numbers were used for follow-up at T3 and to give out
randomly picked incentives; then the numbers were
deleted from all documentation after data entry,
making the data anonymous.

Statistical analysis

After data entry, study group and control
group participant data were coded by a third party to
ensure statistician blindness. SPSS was used for data
analysis. Descriptive statistics were used to generate
frequency tables, means, and standard deviations.
Chi-square, t-test, and paired t-test were used to
compare the study and control group results.

Ethical approval and incentives

This study received prior ethical approval from
Umm Al-Qura University, Faculty of Dentistry, with the
number 77-17 and was registered with the ISRCTN
registry (ISRCTN13442659). All the students
submitted an electronic consent form before
participating in the study. As an incentive, students
who completed all three questionnaires were entered
into a random drawing for a chance to win one of six
200 Saudi Riyal coupons to a well-known bookstore in
Saudi Arabia, three for male participants and three for
female participants.

Results

All the students in the 4™, 5" and 6" years
were invited (200 students). Only 64 completed the T1
guestionnaire, took the online (study or control)
course, and answered the T2 questionnaire, yielding a
32% response rate. There were 34 participants in the
study group and 30 participants in the control group.
All the participants answered the T1 and T2
questionnaires, with no dropouts; however, there was
a dropout rate of 23.43% at T3, as shown in Figure 1.
Participants’ demographic data are displayed in Table
1.

Table 1: Participant demographic data (n = 64)

Variable Total, n (%) Study Group, n (%) Control Group, n (%) p-value

Male 27 (42.18) 10 (29.40) 17 (56.70) 0.042
Female 37 (57.80) 24 (70.60) 13 (43.30)
dthyear 36 (56.25) 21 (61.80) 15 (50.00)
5th year 6 (9.30) 3(8.80) 3(10.00)
6thyear 22 (34.30) 10 (29.40) 12 (40.00)
single 61 (95.30) 31 (91.20) 30 (100.00)
Married 3 (4.60) 3(8.80) 0 (0.00)
< 5,000 6 (9.30) 4 (11.80) 2 (6.70)
5,000~ 28 (43.70) 11 (32.40) 17 (56.70)
15,000

>15,000 30 (46.80)
A 31 (48.40)
GPA B 27 (42.18)
C 6 (9.30)

Gender
Academic 0702
year

Marital 0.241
status

Family 0.149

annual

income 19 (55.90)

17 (50.00)
15 (44.10)
2 (5.90)

11 (36.70)
14 (46.70)
12 (40.00)
4 (13.30)

0.617

Comparing the demographic variables
between the study and control groups using Chi-
square and Fisher’s exact test showed that there were
no significant differences except for gender, where
females were more significantly represented in the
study group than in the control group (p = 0.042).

The mean (m) of correct answers for all
students on T1 was 12.56, with SD of 3.2. On T2,
m = 14.03 and SD = 3.85, and on T3, m = 14.36 and
SD = 3.71. The maximum possible score was 22, and
the minimum was zero.

In the study group, a paired t-test for repeated
measures showed that there was a significant
improvement in knowledge scores from T1 (m = 13.5,
SD =3.06) to T2 (m = 14.94, SD = 4.46); (p = 0.040).
However, the scores from T2 to T3 (m=15.75,
SD =3.47) and from T1 to T3 were not significantly
different.

In the control group, a paired t-test for
repeated measures showed that there was a
significant improvement in knowledge scores from T1
(m=115, SD=3) to T2 (m=13.0, SD=2.74);
(p =0.002). Besides, there was a significant
improvement from T1 to T3 (m =13.04, SD = 3.49);
(p < 0.018). However, the score from T2 to T3 was not
significantly different.

To compare the differences in knowledge
scores between the study group and the control
group, we calculated the differences from T1to T2, T2
to T3, and T1 to T3, as displayed in Table 2. Using t-
test, the score differences of the study and control
groups were compared, and there were no significant
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differences, as shown in Table 2.

Table 2: Differences in knowledge scores on T1, T2, and T3

Study group Control group

Knowledge

Difference between T1 and T2
Difference between T2 and T3
Difference between T1 and T3

Mean (SD)
1.441 (3.94)
0.290 (2.83)
-1.125 (3.74)

Mean (SD)
1.500 (2.37)
0.280 (2.44)
-1.320 (2.59)

p-value
0.942
0.988
0.834

Figure 3 shows the trajectory of the
participants’ knowledge scores for both groups. It
should be noted that the paired t-test and t-test was
conducted as a parametric test after meeting test
assumptions including normal distribution of the
variables used in these tests.

Graup

—— Control
Intervetion

Knowlege score

i

Time

Figure 3: Knowledge scores on T1, T2, and T3 in study and control
groups

Discussion

Our results suggested that there was no
significant improvement in the knowledge levels of
participants in the study group when compared to the
control group, despite both groups showing significant
improvement immediately following the intervention.
Our results seem to be different from those in
previous studies [19], [21], [22], which showed
significant improvements in study groups after
interventions. However, these previous studies did not
have active placebo controls for comparison [19], [21],
[22]. Our results may be more accurate due to the
active control group showing that the improvement
found in the study group was no different from the
improvement that occurred in the control group.
Nevertheless, it is hard to compare our study with the
mentioned previous study in micro-level because
there are many differences, bearing in mind that these
studies are the only interventional studies in this
research area according to our best knowledge.

A number of possibilities could explain the
insignificant improvement after the intervention in the
study group as compared to the control group. First,

the online module might not be the ideal learning
method for students because, low response to online
course as mentioned in a previous article [26], not
taking the course seriously, students might skip slides
just to finish, which has been observed in other online
courses among dental students by this study’s
authors. Second, the interventional course might have
contained a high volume of content to be absorbed by
the students, and some students might have had
some technical problems [27], [28]. Third, we had a
small sample size, which could have affected the
ability to detect differences between the groups.

It is interesting to note that students showed
an increase in scores from T1 to T2 in both groups,
which were not surprising for the study group, where
students had received pertinent information in their
online course, but it could be a little surprising for the
control group. However, this may be explained by the
possibility of students in the control group searching
the internet for correct answers to the questions on
the T2 questionnaire, especially if they were unsure
about their answers on T1.

This has important implications for mandatory
online courses in the health sector in general,
especially for organisations that make these online
courses a prerequisite for moving forward into other
job responsibilities. Online courses tend to be more
feasible to ensure that participants achieve a course
outcome [29] especially for the organization, and in
fact, sometimes the online systems issue auto-
generated certificates of completion after participants
pass a course exam. Our results indicate that these
mandatory online courses might be inappropriate for
accomplishing student or health practitioner goals.
The students in our study seemed to take a careless
attitude toward the online courses, which was
reflected in the results not showing the expected
improvement for the study group. While the students
in the pilot studies described the study group course
content as straightforward and simple, that could be
because the students in the pilots were personally
invited to take the course. This might have made the
students in the pilots approach the course more
seriously and answer the questionnaires with care,
while the students in the main study had no
relationship with the research team and so behaved

more naturally. Regardless, the main study
participants represented the desired population.
Further, some online courses allow

participants to take a final exam more than once until
the exam is passed; this can lead to participants
skipping slides and searching for answers online, or
taking other actions, to pass the final exam and get
their certificate [30], [31]. But this violates the main
reasons for taking such courses. We believe that
better specifications could make these online courses
more effective. For example, courses could calculate
the time spent on each slide to detect if participants
are skipping quickly to the end of the course.
However, such recommendations or suggestions
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cannot be made without further research, investigation
and innovative ideas to determine the best
approaches. It should be noted that the main aim to
use the placebo in the reference course in the control
group is to minimise the Hawthorne effect [32]
generated to the participants after answering the
baseline questionnaire, as we assumed that some
students would search for the correct using the
internet.

In addition to future similar studies needing to
use larger sample sizes, the intervention should be
reviewed in terms of technical difficulties and user
experiences to create a better course design. It is
suggested that future interventions include a required
follow-up exam that can be taken only once within a
certain time period and which participants must pass
with a predetermined score to receive a certificate of
completion.

This study had some strengths, particularly
the use of an RCT design with an active reference
group and triple blindness. This is also the first study
of its kind in Saudi Arabia using an online module
covering this topic and examining the feasibility of
online courses, given their minimal time commitments
and low costs. On the other hand, this study's
limitations include a small sample size, which makes it
hard to generalise the study finding, short follow-up
period, and a sample was taken from single-centre,
which cast more doubts about generalizability for the
study result. It is recommended to have a further
study with a larger sample size and use multicenter
for more generalizable results.

In conclusion, according to our results that
showed there is no significant change in the students’
AMR knowledge score after the intervention, online
courses might not be an appropriate learning method
for the goal of improving AMR knowledge levels
because participants may not take the module
seriously. Further investigations and interventional
studies regarding AMR are needed to assess different
modalities for improving dental students’ knowledge
and practices around AMR. Future studies might
assess online modules with the addition of technical
features to increase the levels of responsibility
required so that participants are prompted to take
these courses with care and attention.
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