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Abstract

Background

The global emergence and spread of antibiotic resistance jeopardise health-care
advances and life expectancy. Following the latest antibiotic guidelines is crucial to combat
this issue. Therefore, the objective of this study was to assess the knowledge regarding
antibiotics prescription and investigate the evidence-based practices among dental practi-
tioners in Saudi Arabia.

Method

This cross-sectional study was conducted during November 2020 to April 2021 in Saudi
Arabia. A self-designed validated questionnaire comprising 27 close ended knowledge-
based questions and 9 practice-based question was administered among dentists working
in various settings through online generated link. A pilot study in 20 dental specialists and
consultants was conducted prior to the study, to arise at sample size of 318. Reliability of
the questionnaire was assessed with Cronbach’s a value of 0.85, face validity of 84%, and
content validity ratio of 0.78. The knowledge and practice score were graded based on
quartile derivatives. The data was analyzed using descriptive analysis, chi square analysis,
correlation, and regression by IBM SPSS® Statistics for Windows, Version 28.0. Armonk,
NY: IBM Corp.
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Results

The average age of the participants was 36.3 + 5.9 years, and their average experience
was about 7.3 years. The mean knowledge score was 19.62 + 4.28 with government
employees scoring higher (20.03 + 3.90) compared to private practitioners and academi-
cians. Clinicians with less than five years of experience had significantly higher knowledge
scores (p = 0.002). The majority of the participants, 218 (68.55%), had good practices
while 100 (31.44%) participants showed poor practices. Moreover, only half of the partic-
ipants could correctly identify the majority of case-based scenarios related to antibiotic
prescriptions.

Conclusion

Dentists in Kingdom of Saudi Arabia have a good level of knowledge and practices on
antibiotics prescription. However, some aspects of poor practices particularly among
private sector clinicians necessitate the launching of educational campaigns, interventions
and provision of latest guidelines for prudent use of antibiotics in dental practice.

Introduction

The majority of oral diseases are driven by the oral biofilm, and treatment to abolish oral
biofilm is typically provided through various procedures [1]. In certain situations, antibiotics
are often used as an adjuvant to active dental therapy to manage acute infection [2]. Antibiotic
discovery and use have transformed medical practise and offered public health with tool to
control communicable disease [3]. In order to treat or prevent dental infections, dental pro-
fessionals regularly prescribe antibiotics [4]. Oral diseases that necessitate antibiotic prescrip-
tions are limited to facial cellulitis, acute necrotizing gingivitis, reimplantation of teeth, and
trismus [5]. Moreover, patients with medically compromised conditions who run the risk of
developing infective endocarditis are advised to take antibiotics [2-4].

Concerns about the emergence of antimicrobial resistance (AMR) due to the overuse of
antibiotics, which could lead to a global catastrophe if left unchecked, have been recognized
for decades [5,6]. AMR can jeopardise health-care advances and life expectancy [5] and has
contributed to an estimated 4.6 million deaths in 2019 positioning it as one of the leading
global cause of mortality [5,7]. There is limited information on antibiotic-prescribing prac-
tices for prophylaxis and their appropriateness among dental practitioners, despite research in
outpatient primary care settings showing that between 30% and 66.5% of antibiotics pre-
scribed are inappropriate [8]. According to a poll of dental professionals, 70% of them said
prophylactic antibiotics were administered improperly prior to a dental procedure [9]. The
World Health Organization (WHO) has reported alarming global trends of antimicrobial
resistance, emphasizing the critical need for antibiotic stewardship [10].

To address the growing threat of AMR, the World Dental Federation has issued
international recommendations to dentists and national associations to guide antibiotic
prescribing practices in dentistry and mitigate AMR [11]. Similarly, the American Dental
Association (ADA) developed and published the latest guidelines for antibiotic usage
recommendations in November 2019 offering a comprehensive framework for dentists to
make evidence-based decisions on antibiotic prescriptions, ensuring optimal usage while
minimizing the risk of resistance [12]. These guidelines are periodically revised to incor-
porate new evidence and findings from long-term research [12]. The WHO Global Action
Plan also identifies dental prescribers as key stakeholders and provides a framework
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for the development of national action plans (NAPs) to combat AMR [13]. Developed
countries including UK and USA have implemented these frameworks through robust
prescribing guidelines, educational resources, and practical tools designed for both dental
practitioners and patients [14,15].

In contrast, there are no set standards for prescribing antibiotics in developing nations,
thus dentists may do so to satisty their patients’ expectations without offering local therapy
[16]. The WHO has identified the Southeast Asia region as the highest-risk area for the
emergence and transmission of antibiotic resistance, both in healthcare settings and com-
munities [17]. A similar increase in AMR has been reported in the Eastern Mediterranean
region, where programs aimed at curbing AMR are still in the early stages [18]. A study con-
ducted in Saudi Arabia reported antibiotic prescribing methods were extremely problematic
[19]. Additionally, the indications and repercussions associated with improper antibiotic pre-
scription have not been demonstrated sufficiently in Saudi Arabia [20]. To fill this research
vacuum, this study was conducted to analyze current knowledge and practices of antibiotic
usage in dental practice in Saudi Arabia. Previous studies have shown a strong need for activ-
ities and training programs that could aid in rationalizing the use of antibiotics by dental
professionals [21,22]. Yet, there is an urgent need to explore basis of clinician judgements
and to investigate the evidence scale which is translated into clinical practice. Additionally,
such study may uncover knowledge gaps amongst both general and specialist dentists in
developing countries, offering an opportunity to instruct both dentists and patients. Conse-
quently, the objectives of this survey were to look into dentists’ evidence-based procedures
and identify any gaps in their knowledge and practices regarding the prescription of antibiot-
ics. This study utilized clinical scenarios based on the latest antibiotic guidelines to evaluate
the current practices of dentists in Saudi Arabia providing a more accurate representation of
the real-world decision-making process in dental practice.

2. Methodology
2.1. Study design and study setting

This cross-sectional study was a research collaboration between Princess Nourah bint
Abdulrahman University (PNU) and the Ministry of Health (MOH) conducted to assess the
current knowledge and practice of antibiotic use in Saudi Arabia in accordance with the latest
antibiotics’ guidelines [23]. Dentists working in various settings such as educational institu-
tions, hospitals, and dental centers from all regions of Saudi Arabia were the target popula-
tion. Undergraduate dental students were excluded from the study. The study was conducted
during November 2020 to April 2021.

2.2. Ethical considerations

The Princess Nourah bint Abdulrahman University Institutional Review Board (IRB) granted
their approval for the study’s ethical conduct (Ref. no 20-0320), and it was then carried out in
compliance with STROBE regulations. Additional information regarding the ethical, cultural,
and scientific considerations specific to inclusivity in global research is included in the Sup-
porting Information (Supplementary file: S1 Checklist). Furthermore, it is verifiable that the
study was carried out in complete line with the Declaration of Helsinki of the World Medical
Association and the ethical standards of the Saudi Ministry of Health.

2.3. Drafting and elements of the questionnaire

To gauge participants’ current understanding and use of antibiotics, a self-designed ques-
tionnaire was developed using Google forms. The questionnaire was modified and adopted
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from previous studies [24-27]. Prior to this investigation, a pilot study with 20 dental
consultants and specialists validated this questionnaire. The knowledge segment’s reliabil-
ity using Cronbach’s alpha value was determined to be 0.871 and the attitude segment’s
reliability was found to be 0.844, indicating that the questionnaire was well-structured and
appropriate for the target demographic. Subject matter experts thoroughly analyzed and
evaluated the questionnaire’s face (83%) and content validity (0.81) for readability, clarity,
and comprehensiveness of the questions. The participants were sent a link to the question-
naire and a consent form using email as a platform. There was no enticement or hint offered
to participants during the filling of questionnaire. Discretion of information acquired was
secured during the study. It had four sections with close ended multiple-choice questions.
The first section (Section A) consisted of questions about participants’ demographic data,
including gender, age, clinical title, education, clinical experience and work place related
points. The second section (Section B) assessed the participants’ current knowledge of
antibiotic prescription guidelines for patients with various medical and dental conditions
comprised of 27 questions. The third section (Section C) riveted participants’ reflections
on their antibiotic prescription practice which included 9 questions and 10 case scenarios
encountered in clinical dental practice. The questionnaire has been added as supporting
information (Supplementary S1 File).

2.4. Sample size and sampling technique

The sample size was estimated to be 307 using the formula n = 4pq/d? based on the pilot
study (p = 55.6%), where p = prevalence, q = 1-p, and d = allowable error (10% of p), a

= 0.05, p = 0.2, arising at a final sample size of 318. A convenient sampling technique was
employed for data collection. For the governmental sector, a database of dentists from the
MOH in Saudi Arabia was obtained, while for the private sector and academic professionals,
a list of faculty members was sourced from universities and specialty associations. Accord-
ing to the SCFHS Health Care Report 2017, there are 19,239 registered dentists (including
dentists and specialists) in Saudi Arabia [28]. Emails were sent to all participants, explaining
the purpose of the research along with the questionnaire and written informed consent form.
Three reminder emails were sent at two-week intervals in case the completed forms were not
received.

2.5. Data collection and scoring criteria

An introductory message described the study aim and the participants’ voluntary involve-
ment. Using Google Forms (a free web-based survey generator), the questionnaire was trans-
formed into an electronic form and the link was distributed to the Saudi dentist community
via the Ministry of Health (MOH). Participants were asked to complete the questionnaire,
which was in English, the primary language of instruction in Saudi Arabia, within two to three
weeks of receiving it. Two reminders were sent at one-week intervals to encourage comple-
tion. A final reminder was sent three weeks after the initial invitation. Any forms submitted
after the deadline were excluded from the analysis. No personal information was collected
during the study, and a note reminding participants to maintain discretion was included in
the questionnaire. The grading system employed for the survey based on quartile deriva-
tives [29]. The knowledge and practice score were computed by assigning one point for each
accurate or positive response, and each incorrect or negative response received zero points.
The final scores were given as a percentage after summing up each participant’s points and
calculating the percentages. the determined knowledge score was classified into three cate-
gories: poor knowledge (0-40%), fair knowledge (41 <70%) and good knowledge (70% and
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above). Similarly, practice score was categorized into poor practice (< 50) and good practice
(>60%). The maximum possible cumulative score in Section B (knowledge) was 27, while that
in Section C (practice) was 9.

2.6. Statistical analysis

Excel sheet was generated from google form and data was analyzed using IBM Corp. Released
2021. IBM SPSS® Statistics for Windows, Version 28.0. Armonk, NY: IBM Corp. Descriptive
statistics like frequencies, percentages, mean, and standard deviation of the dental practi-
tioners were calculated. Subsequently, Chi-square test, Mann-Whitney U test and Kruskal-
Wallis test were performed to find differences between knowledge, practice scores. In
addition, the correlation between the knowledge and practice scores was evaluated by Spear-
man’s rank correlation coefficient test whereas, their association with the demographic details
of the dental practitioners was analyzed by simple linear regression and multivariate linear
regression analysis. A p-value of < 0.05 was considered statistically significant.

3. Results
3.1. Sociodemographic characteristics of participants

A total of 318 (39.9% male and 60.1% female) participants returned completed questionnaires.
The majority 123 (38.8%) of the participants were specialist, 88 (27.8%) were consultants,

57 (18.0%) were interns, 38 (12.0%) were general dentist and least were resident 11 (3.5%)
working in health sector. The average age of the participants was 36.3 + 5.9 years, and their
average experience was about 7.3 years. The majority of participants were belonging to Riyadh
province (38.7%) and government sector (67.9%). The demographic and professional charac-
teristics of participants are shown in Table 1.

3.2. Knowledge among dentists regarding indications for antibiotic
prescription

Table 2 shows distribution of study participants according to knowledge of antibiotic prescrip-
tion with relevant clinical situation according to clinical practice sector. The analysis showed
that correct pattern of prescribing antibiotics was statistically significant for dental diseases
such as pulp necrosis (p = 0.06), apical periodontitis (p = 0.003), draining sinus (p = 0.005),
abscess (p = < 0.001), and fracture of teeth (p = < 0.001). The prescription of antibiotics was
indicated in surgical dental procedures which was found to be significantly higher in govern-
ment sector clinician as compared to private sector and academician (p < 0.05). Similarly,
majority of the participants were aware regarding antibiotics prescription in a high-risk med-
ical condition such as infective endocarditis (p = 0.026), congenital cardiac abnormalities (p =
0.041), and prosthetic cardiac valves (p = 0.004).

3.3. Practice of antibiotic prescription among dentists according to clinical
practice sector

Table 3 depict trends in dental antibiotic prescription practices according to clinical guide-
lines. The antibiotics were always prescribed for demanding clinical conditions in which
they are appropriate (90.3%) with statistically significance difference between clinical
practice sector (p = 0.043) and the possible consequences of non-adherence to therapy (p
=0.001). About 45% of the private clinician said they would prescribe antibiotics to defer
the treatment, in case of long waiting queues with statistically insignificant difference
between clinical practice sector (p = 0.281). About 97.2% of the government clinician
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Table 1. Sociodemographic characteristics of dentists participating in survey.

Characteristics N (%)
Gender Female 191 (60.1)
Male 127 (39.9)
Age group 25-35 184 (57.9)
36-45 76 (23.9)
46-55 48 (15.1)
>55 10 (3.1)
Practice sector Private sector clinician 22 (6.9)
Government sector clinician 216 (67.9)
Academician 8(2.5)
Both 72 (22.6)
Clinical title Consultant 88 (27.8%)
Specialist 123 (38.8%)
Resident 11 (3.5%)
General dentist 95 (29.87%)
Clinical experience < 5 years 161 (50.6)
5-10 years 45 (14.2)
11-15 years 53 (18.6)
>15 years 59 (18.6)
Workplace Al- Jouf province 10 (3.1)
Al-Bahah province 40 (12.6)
Asir province 13 (4.1)
Eastern province 44 (13.8)
Hail province 7 (2.2)
Jazan province 12 (3.8)
Madinah province 30 (9.4)
Makkah province 11 (3.5)
Najran province 1(0.3)
Northern border 18 (5.7)
Qassim province 4(1.3)
Riyadh province 123 (38.7)
Tabuk province 5(1.6)
Undergraduate training Saudi Arabia 275 (86.5%)
Europe 5(1.6%)
North America 10 (3.1%)
Asian Countries 12 (3.8%)
Others 16 (5%)
Postgraduate training Saudi Arabia 176 (55.3%)
Europe 16 (5%)
North America 16 (5%)
Asian Countries 2 (0.6%)
Egypt 7 (2.2%)
Others 101 931.8%)

All values are expressed as frequency with percentages (in parentheses).

https://doi.org/10.1371/journal.pone.0320528.t001
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Table 2. Knowledge among dentists regarding indications for antibiotic prescription according to clinical practice sector.

Knowledge based Questions Response Practice sector (N=318) p-Value
Private sector cliniciann (%) ‘ Government sector cliniciann (%) ‘ Academiciann (%) ‘ Bothn (%)

Dental diseases

Reversible pulpitis Yes* 2(9.1) 11 (5.1) 1(12.5) 1(1.4) 0.372
No* 19 (86.4) 203 (94.0) 7 (87.5) 69 (95.8)
Don’t know* |1 (4.5) 2(0.9) 0 2(2.8)

Irreversible pulpitis Yes* 4(18.2) 25 (11.6) 0 5(6.9) 0.1
No?* 15 (68.2) 185 (85.6) 8 (100) 63 (87.5)
Don’t know* | 3 (13.6) 6(2.8) 0 4(5.6)

Pulp necrosis Yes* 4(18.2) 21 (6.60) 0 3(4.2) .006"
No?* 13 (59.1) 185 (58.18) 8 (100) 64 (88.9)
Don’t know* |5 (22.7) 10 (3.14) 0 5(6.9)

Apical periodontitis Yes* 8(36.4) 38 (17.6) 0 10 (13.9) .003"
No* 10 (45.5) 168 (77.8) 6 (75) 58 (80.6)
Don’t know* | 4 (18.2) 10 (4.6) 2 (25) 4 (5.6)

Draining dental sinus tract Yes* 4(18.2) 53 (24.5) 2 (25) 16 (22.2) .005"
No* 14 (63.6) 160 (74.1) 6 (75) 52(72.2)
Don’t know* |4 (18.2) 3(1.4) 0 4 (5.6)

Localized intraoral abscess Yes* 7 (31.8) 64 (29.6) 3(37.5) 30 (41.7) <
No* 9(40.9) 143 (66.2) 5 (62.5) 40 (556) | 0:001"
Don’t know* | 6 (27.3) 9(4.2) 0 2(2.8)

Cellulitis Yes* 18 (81.8) 202 (93.5) 8 (100) 71 (98.6) 0.159
No* 3(13.6) 10 (4.6) 0 1(1.4)
Don’t know® | 1 (4.5) 4(1.9) 0 0

Acute ulcerative gingivitis Yes* 16 (72.7) 122 (56.5) 5(62.5) 46 (63.9) 0.314
No* 3(13.6) 80 (37) 3(37.5) 22 (30.6)
Don’t know* | 3 (13.6) 14 (6.5) 0 4 (5.6)

Chronic marginal gingivitis Yes* 1(4.5) 18 (8.3) 0 6 (8.3) 0.054
No* 14 (63.6) 178 (82.4) 6 (75) 59 (81.9)
Don’t know* |7 (31.8) 20(9.3) 2 (25) 7(9.7)

Aggressive periodontitis Yes*® 15 (68.2) 142 (65.7) 4 (50) 43 (59.7) 0.798
No* 4(18.2) 55 (25.5) 3(37.5) 23 (31.9)
Don’t know* | 3 (13.6) 19 (8.8) 1(12.5) 6(8.3)

Moderate periodontitis Yes* 3(13.6) 14 (6.5) 0 6(8.3) 0.562
No! 18 (81.8) 183 (84.7) 8 (100) 63 (87.5)
Don’t know* |1 (4.5) 19 (8.8) 0 3(4.2)

Mild pericoronitis Yes* 0 14 (6.5) 2 (25) 6(8.3) 0.094
No?* 19 (86.4) 193 (89.4) 6 (75) 64 (88.9)
Don’t know* | 3 (13.6) 9 (4.2) 0 2(2.8)

Dry socket Yes* 7 (31.8) 58 (26.9) 2 (25) 23 (31.9) 0.215
No* 10 (45.5) 141 (65.3) 6 (75) 44 (61.1)
Don’t know* |5 (22.7) 17 (7.9) 0 5(6.9)

Fracture of tooth Yes* 7 (31.8) 13 (6) 1(12.5) 8 (11.1) <
No* 10 (45.5) 189 (87.5) 7 (87.5) 52(72.2) | 00017
Don’t know* |5 (22.7) 14 (6.5) 0 12 (16.7)

(Continued)
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Table 2. (Continued)

Knowledge based Questions Response Practice sector (N=318) p-Value
Private sector cliniciann (%) ‘ Government sector cliniciann (%) ‘ Academiciann (%) ‘ Bothn (%)

Dental procedures

Scaling and Root planning Yes* 0 8(3.7) 0 2(2.8) <
No* 20 (90.9) 208 (96.3) 8 (100) 70(97.2) | 0-0017"
Don’t know* | 2(9.1) 0 0 0

Simple extraction Yes* 1(4.5) 4(1.9) 0 2(2.8) 024"
No* 20 (90.9) 212 (98.1) 8 (100) 70 (97.2)
Don’t know* | 1 (4.5) 0 0 0

Surgical extraction Yes* 7 (31.8) 79 (36.6) 4 (50) 33 (45.8) 0.278
No* 12 (54.5) 128 (59.3) 4 (50) 37 (51.4)
Don’t know* | 3 (13.6) 9(4.2) 0 2(2.8)

Root canal treatment Yes* 3(13.6) 4(1.9) 0 5(6.9) <
No* 14 (63.6) 206 (95.4) 8 (100) 63(87.5) | 00017
Don’t know* | 5 (22.7) 6 (2.8) 0 4(5.6)

Apicectomy Yes* 11 (50) 86 (39.8) 5(62.5) 37 (51.4) 0.285
No* 8(36.4) 100 (46.3) 3(37.5) 31 (43.1)
Don’t know* | 3 (13.6) 30(13.9) 0 4 (5.6)

Routine local anaesthesia injections | Yes* 8(36.4) 55 (25.5) 4 (50) 25 (34.7) 0.173
No* 13 (59.1) 142 (65.7) 4(50) 46 (63.9)
Don’t know* |1 (4.5) 19 (8.8) 0 1(1.4)

Restorative procedures Yes* 4(18.2) 26 (12) 3(37.5) 21(29.2) 002"
No* 14 (63.6) 179 (82.9) 5(62.5) 45 (62.5)
Don’t know* |4 (18.2) 11 (5.1) 0 6(8.3)

Dental implant placement Yes* 11 (50) 94 (43.5) 1(12.5) 38 (52.8) 0.179
No* 8(36.4) 97 (44.9) 7 (87.5) 26 (36.1)
Don’t know* | 3 (13.6) 25 (11.6) 0 8 (11.1)

Medical conditions

Cardiac pacemakers Yes* 11 (50) 105 (48.6) 6 (75) 28 (38.9) 0.327
Nof 6(27.3) 81 (37.5) 2(25) 33 (45.8)
Don’t know* |5 (22.7) 30 (13.9) 0 11 (15.3)

Congenital cardiac abnormalities Yes* 14 (63.6) 131 (60.6) 7 (87.5) 34 (47.2) 0417
No* 3(13.6) 66 (30.6) 1(12.5) 26 (36.1)
Don’t know* |5 (22.7) 19 (8.8) 0 12 (16.7)

Previous infective endocarditis Yes* 19 (86.4) 203 (94) 8 (100) 71 (98.6) 026"
No* 2(9.1) 6(2.8) 0 0
Don’t know* |1 (4.5) 7(3.2) 0 1(1.4)

Prosthetic cardiac valves Yes! 14 (63.6) 196 (90.7) 7 (87.5) 64 (88.9) .004"
No* 3(13.6) 8(3.7) 1(12.5) 6(8.3)
Don’t know* | 5 (22.7) 12 (5.6) 0 2(2.8)

Prosthetic joints Yes* 6(27.3) 79 (36.6) 5(62.5) 28 (38.9) 0.373
No* 8(36.4) 94 (43.5) 2 (25) 32 (44.4)
Don’t know* | 8 (36.4) 43 (19.9) 1(12.5) 12 (16.7)

All values are expressed as the frequency with percentages (in parentheses).

‘denotes correct response, and

“denotes wrong response. Statistical test used: chi-square test. Level of significance:

*p < 0.05 is considered statistically significant,

“p < 0.001 Highly significant association.

https://doi.org/10.1371/journal.pone.0320528.t1002
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Table 3. Practice of antibiotic prescription among dentists according to clinical practice sector.

Practice based Questions Response Practice sector p-Value
Private sector Government sec- Academi- Both n (%)
clinician n (%) tor clinician n (%) cian n (%)

If clinical condition demands antibiotic prescription Always? 18 (81.8) 155 (71.8) 6 (75) 65 (90.3) .043"

Never* 0 11 (5.1) 1(12.5) 2(2.8)
Occasion* 4(18.2) 50 (23.1) 1(12.5) 5(6.9)
If patient requests antibiotic prescription Always? 1(4.5) 8(3.7) 1(12.5) 5(6.9) 0.39
Never? 17 (77.3) 188 (87) 7 (87.5) 63 (87.5)
Occasion* 4(18.2) 20 (9.3) 0 4 (5.6)
Prescribing antibiotics, if you are uncertain of diagnosis Always' 0 7(3.2) 1(12.5) 3(4.2) .039"
Never? 10 (45.5) 154 (71.3) 5 (62.5) 55 (76.4)
Occasion* 12 (54.5) 55 (25.5) 2 (25) 14 (19.4)
Prescribing antibiotics, to sustain patients, until specialist Always* 2(9.1) 7(3.2) 0 4 (5.6) 0.18"
is available Never’ 8 (36.4) 160 (74.1) 6(75) 53 (73.6)
Occasion* 12 (54.5) 49 (22.7) 2 (25) 15 (20.8)
To defer the treatment, in case of long waiting queues Always? 1(4.5) 9(4.2) 0 3(4.2) 0.281
Never® 11 (50) 154 (71.3) 7 (87.5) 55 (76.4)
Occasion* 10 (45.5) 53 (24.5) 1(12.5) 14 (19.4)
Are you aware of “antimicrobial resistance Yes® 21 (95.5) 210 (97.2) 8 (100) 72 (100) 0.441
No* 1(4.5) 6(2.8) 0 0
Do you inquire from your patient about past history of anti- Yes* 8 (36.4) 159 (73.6) 5(62.5) 52(72.2) 016"
biotics in the past 1 week, before prescribing antibiotics? Not 4(18.2) 13 (6) 0 6(8.3)
Occasionally® | 10 (45.5) 44 (20.4) 3(37.5) 14 (194)
Do you advise your patient to adhere to the dosage regimen Yes® 10 (45.5) 172 (79.6) 6 (75) 55 (76.4) .001"
and inform the consequences Not 3(13.6) 2(0.9) 1(12.5) 4(5.6)
Occasionally* | 9 (40.9) 42 (19.4) 1(12.5) 13 (18.1)
Which antibiotic(s) do you most often prescribe therapeuti- Amoxicillin 12 (54.5) 127 (58.8) 3(37.5) 42 (58.3) 0.891
cally, for your patients? Amoxicillin & | 6(27.3) 60 (27.8) 4(50) 19 (26.4)
Clavulanic acid
Amoxicillin & |2(9.1) 18 (8.3) 1(12.5) 9(12.5)
Metronidazole
Clindamycin | 0 2(0.9) 0 2(2.8)
Azithromycin | 0 2(0.9) 0 0
Ofloxacin 0 1(0.5) 0 0
Metronidazole |2 (9.1) 5(2.3) 0 0
Others 0 1(0.5) 0 0
Which antibiotic do you prescribe for your patients, allergic Erythromycin | 7 (31.8) 55 (25.5) 2 (25) 17 (23.6) .006
to penicillin? Azithromycin | 1 (4.5) 34(15.7) 0 5(6.9)
Clindamycin | 10 (45.5) 111 (51.4) 5 (62.5) 45 (62.5)
Clarithromycin | 1 (4.5) 2(0.9) 0 0
Cephalosporin | 3 (13.6) 13 (6) 0 5(6.9)
Others 0 1(0.5) 1(12.5) 0
Do you follow current guidelines for antibiotic prophylaxis? Always* 9 (40.9) 156 (72.2) 6 (75) 50 (69.4) 016"
Never* 3(13.6) 12 (5.6) 0 0
Occasionally® | 10 (45.5) 48 (22.2) 2 (25) 22 (30.6)
(Continued)
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Table 3. (Continued)

Practice based Questions Response Practice sector p-Value
Private sector Government sec- Academi- Both n (%)
clinician n (%) tor clinician n (%) cian n (%)

If yes, which guidelines do you follow? AHA 18 (81.8) 196 (90.7) 8 (100) 65 (90.3) 0.485

guidelines
NICE 2(9.1) 15 (6.9) 0 6(8.3)
guidelines
Others 2(9.1) 5(2.3) 0 1(1.4)

What was your main source of updating your knowledge Textbooks 11 (50) 39 (18.1) 4 (50) 20 (27.8) 016"

regarding antibiotic prescription guidelines? Conferences | 0 8(3.7) 0 1(1.4)

Journal articles | 6 (27.3) 106 (49.1) 2 (25) 34 (47.2)
Continuing 1(4.5) 34 (15.7) 2 (25) 13 (18.1)
education

courses

Colleagues 4(18.2) 22 (10.2) 0 1(1.4)
Others 0 7(3.2) 0 3 (4.2)

When did you last update your knowledge regarding antibi- Within the last | 13 (59.1) 162 (75) 5(62.5) 40 (55.6) 0.061

otic prescription guidelines? two years?

Within the last | 8 (36.4) 46 (21.3) 3(37.5) 29 (40.3)
five years*
Others* 1(4.5) 8(3.7) 0 3(4.2)

All values are expressed as the frequency with percentages (in parentheses).

‘denotes good practice, and

denotes poor practice. Statistical test used: chi-square test. Level of significance:

*p < 0.05 is considered statistically significant,

“p < 0.001 Highly significant association.

https://doi.org/10.1371/journal.pone.0320528.t003

were aware of antimicrobial resistance which deferred them from prescribing antibiotics
without confirmed diagnosis (p = 0.039) and past history of antibiotics intake (p = 0.016).
Most of the clinician (58%) preferred to use amoxicillin to treat their patients. The clini-
cian agreed upon Clindamycin being the drug of choice for patients who were allergic to
penicillin (p = 0.006). Nearly, 90.3% of the participants follow AHA guidelines for anti-
biotic prophylaxis and 47.2% read journal articles to learn about antibiotics prescription.
Two thirds (68.77%) of participants were aware of available guidelines/recommendations
for prescribing antibiotics in dentistry, and they had last updated their knowledge within
the past 2 years.

3.4. Knowledge and Practice scores regarding antibiotic prescriptions
among dentists

Regarding antibiotic prescriptions for clinical signs, the mean knowledge score was 19.62
+ 4.28. Based on the quartile derivative, knowledge score was graded as high, medium and
low. Kruskal-Wallis test depicted that there was higher significant knowledge score (p =
0.04) between the participants with extreme age groups (25-35, >55). It was evident that
participants employed in government sector had higher knowledge score (20.03 £ 3.90).
The clinical experience influences the knowledge score significantly wherein recently
graduated clinician (5 years) was found to had higher knowledge score which was statisti-
cally significant (p = 0.002). However, the majority of participants, 224 (70.44%), had high
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HIGH 224
(70.44%)

MEDIUM 81
(25.47%)

13
row (4.08%)

Distribution of knowledge scores among participants

Fig 1. Violin plot depicting distribution of knowledge scores among the participants.

https://doi.org/10.1371/journal.pone.0320528.9001

100
POOR (31.44%)

218
GOOD (68.55%)

Distribution of practice scores among participants

Fig 2. Violin plot depicting distribution of practice scores among the participants.

https://doi.org/10.1371/journal.pone.0320528.9g002

knowledge score, whereas 81 (25.47%) had medium and 13 (4.08%) had low knowledge
scores (Fig 1). There was significant difference in the practice scores between the partici-
pants with age (25-35, 36-45, 46-55, > 55), practice wise distribution (private, government,
academics and both) and clinical experience (,5, 5-10, 11-15, > 15 years by Kruskal-Wallis
test (P < 0.05). The two third of the participants, 218 (68.55%), had good practices and,
on the other hand, 100 (31.44%) participants had a poor practice towards the antibiotic
prescription (Fig 2). Mann-Whitney U test showed that there was significant difference in
the knowledge and practice scores between the participants by gender wise distribution (P
< 0.001) (Table 4).

3.5. Relationship between variables using Spearman’s rank correlation
coefficient test and multivariant regression analysis

A positive linear correlation (r = +.491) and a high statistically significant difference (P
< 0.001) between the knowledge and practice scores among the participants was found
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Table 4. Knowledge and Practice scores regarding antibiotic prescriptions among dentists.

Characteristics Knowledge p-Value Practice p-Value
score score
Mean +SD Mean +SD

Gender © Female 20.07 + 4.34 < 8.04+ 1.16 .001"
Male 18.81 + 4.09 0.001" 7.52+ 1.39

Age group? 25-35 20.23 + 4.16 .004 8.08+ 1.14 <
36-45 18.87 + 4.53 733+ 142 0.001"
46-55 18.63 £ 4.00 7.67 £ 1.29
>55 20.30 = 4.08 8.00 + 1.49

Practice sector ? Private sector clinician 16.36 + 6.64 .078 6.77 £ 1.77 014"
Government sector clinician 20.03 + 3.90 7.98 £ 1.16
Academics only 19.36 + 4.27 7.75 + 0.89
Clinics and Academics 19.42 + 4.10 7.74+ 1.33

Clinical title f Consultant 19.66 £ 3.93 .193 7.76 + 1.22 .359
Specialist 18.95 + 4.16 7.61 £ 1.46
Resident 18.89 + 4.94 7.77 £ 1.49
General dentist 20.12 + 4.26 7.99 + 1.15

Clinical experience < 5years 20.37 + 4.14 .002" 8.06 £ 1.12 .008"
5-10 years 18.07 + 4.98 7.71 + 1.44
11-15 years 18.88 = 4.02 7.32+ 1.46
>15 years 19.41 £ 3.92 7.78 £ 1.25

All values are expressed as mean + standard deviation (SD). The statistical test used:

“Mann-Whitney U test,

PKruskal-Wallis test; Level of significance

*p < 0.05 is considered statistically significant,

“p < 0.001 Highly significant association.

https://doi.org/10.1371/journal.pone.0320528.t004

by the Spearman’s rank correlation coefficient test. The knowledge had been empow-
ered to be negatively correlated with undergraduate training (p = 0.003) and positively
correlated with postgraduation training (p = 0.061). However, Practice was observed to
be significantly correlated with postgraduate training (p = 0.012) (Table 5). The simple
linear regression analyses did not show any statistically significant difference between the
knowledge and practice of correct prescription and socio-demographic characteristics.
Multiple linear regression analysis revealed that the better knowledge and practice scores
were significantly associated with gender (P < 0.05) and not with age, clinical title, prac-
tice sector and clinical experience with dependence value of Adjusted R Square = 0.011,
0.058 respectively (Table 6).

3.6. Case based scenario evaluation among the participants

A vast majority of dentists, i.e., 46.8%, did not routinely prescribe broad-spectrum antibiotics
in contrast to 31.1% of dentists that did so while 22.1% of dentists only used them depending
on the case. Table 7 shows the responses of the participants about antibiotic prescriptions,
broken down by the percentage of participants for each clinical scenario. More than half of the
participants correctly identified the clinical cases. It was seen that 85.6% of dentists inter-
viewed followed standard protocols for duration and dosage for antibiotics while 10% would
prescribe these medicines on a case-to-case basis.
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Table 5. Correlation of knowledge and practice scores regarding antibiotic prescriptions among dentists.

Parameters Undergraduate training Postgraduate training
Knowledge* r -0.162" 0.105

)4 0.003" 0.063
Practice® r -0.016 .140"

p 0.777 0.012"

The statistical test used: Spearman’s rank correlation coefficient test; Level of significance:
*and
“have highly statistically significant correlation.

P < 0.05 is considered a statistically significant correlation.

https://doi.org/10.1371/journal.pone.0320528.t005

Table 6. Relationship between sociodemographic characteristics and knowledge/practices scores regarding antibiotic prescriptions among dentists.

Parameters Coefficient (r) SE t 95% CI p-Value Adjusted R?
Lower Upper
Dependent variable: Knowledge score
(Constant) - 1.030 17.150 15.636 19.688 - 011
Gender 134 .502 2.369 199 2.143 .018*
Age .028 .259 431 -.398 .620 .667
Clinical title .055 .196 .838 -.224 460 .556
Practice sector .071 283 1.229 -.209 904 .220
Clinical Experience .039 257 452 -.387 792 618
Dependent variable: Practice score
(Constant) - .300 24.220 6.684 7.866 - .058
Gender 194 144 3.504 221 .789 .001"
Age 167 .075 2.685 .054 351 .058
Clinical title .020 .058 271 -.098 129 787
Practice sector .086 .082 1.530 -.036 .288 127
Clinical Experience 128 .074 1.589 -.265 .028 113

CI: confidence interval; SE: Standard error; The statistical test used: Multivariate linear regression model; Level of significance:

“p < 0.05 is considered statistically significant.

https://doi.org/10.1371/journal.pone.0320528.t006

4. Discussion

Over the years, Saudi Arabia has witnessed a significant surge in antimicrobial resistance,
which has been worsened by the unauthorized use of antibiotics, inappropriate prescrib-
ing practices by healthcare professionals, and self-administration of antibiotics by patients
[30]. Because of the serious implications for public health, the proper use of antibiotics has
emerged as a critical issue on the health-care agenda. Clinicians’ antimicrobial prescrib-
ing practices and knowledge should be assessed in order to design future interventions to
ensure rational antimicrobial use and reduce the risk of antimicrobial resistance [31]. This
study is the first of its kind to assess dentists’ antibiotic prescription knowledge and prac-
tices in Saudi Arabia through presenting various clinical scenarios and correlating knowl-
edge with antibiotic prescription practices according to the most recent updated guidelines.
The findings of this study revealed that dentists’ prescription patterns aligned with the
updated antibiotic guidelines.
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Table 7. Participating Saudi dentists’ responses regarding antibiotics prescription by percentage of respondents to each item.

Item (Case) Correct Correct Wrong Idon’t

Answer Answer Answer know

N (%) N (%) N (%)

Case 1: You have just performed a surgical extraction of grossly decayed #46, in a known Yes 178 (56%) 92 (28%) 48 (15%)
diabetic patient whose random blood glucose level was 180 mg/dl. The surgery lasted
about one hour long.
Case 2: In ER, a parent reported that one of her 9-year old child’s teeth was extremely No 160(50.3%) 130(40.9%) 28 (8.8%)
painful. The child has no fever. However, an intraoral swelling was found in relation to
#74, along with halitosis and discharging pus.
Case 3: A 6-year old girl reported to the ER with a history of fall, while skating on the Yes 195(61.3%) 77(24.2%) 46(14.5%)
road. On clinical examination, her upper lip was edematous and the anterior maxillary
alveolar segment was mobile.
Case 4: You have planned to perform scaling and root planing in a 20-year old male Yes 151(47.5%) 83(26.1%) 84(26.4%)
patient who was already diagnosed with a genetic disorder, Marfan syndrome who had
undergone repair of mitral valve 2 years ago.
Case 5: A 23-year old patient presented with bad breath, restricted mouth opening and Yes 200(62.9%) 95(29.9%) 23(7.2%)
pain in relation to the partially erupted lower third molar. The area around the tooth was
erythematous and swollen.
Case 6: You noticed a vertical fracture in a painful right upper first molar extending to No 259(81.4%) 31(9.7%) 28(8.8%)
the furcation, and made a treatment plan of extraction. However, the patient is unwilling
to undergo extraction.
Case 7: A 65-year old patient with chronic kidney disease, undergoing hemodialysis Yes 136(42.8%) 111(34.9%) 71(22.3%)
twice every week needs an endodontic treatment of #46, Tooth is associated with a
periapical abscess.
Case 8: You advise a female patient to come for periodontal surgery after two days. Her No 151(47.5%) 83(26%) 84(26.4%)
medical history is unremarkable, except that she is a carrier of sickle cell anemia.
Case 9: You need to perform incision and drainage of a submandibular swelling in a Yes 193(60.7%) 73(23%) 52(16.4%)
patient with a history of coronary artery bypass grafting six months ago. Her general
physical status is currently stable.
Case 10: An apprehensive parent, reports that her daughter had multiple ulcers of lower No 266(83.6%) 26(8.2%) 26(8.2%)

lip from the time orthodontic bonding done a week ago, as they would be out of town for
ten days, she insists for an antibiotic prescription for her daughter to prevent infection.

All values are expressed as frequency with percentages (in parentheses).

https://doi.org/10.1371/journal.pone.0320528.t007

4.1. Guidelines adherence

In the current study, majority of the dentists recommended against using antibiotics for
dental diseases such as irreversible pulpitis, pulp necrosis, apical periodontitis, draining sinus,
abscess, and tooth fracture. This was in contrast to other studies that found a significant
amount of antibiotics being used for inappropriate therapeutic indications [31,32]. Recent
research and guidelines emphasize the necessity for antibiotics in conjunction with dental
treatment only when there is clear evidence of systemic spread or a spreading superficial
infection. Moreover, immediate, definitive and conservative dental treatment should always

be prioritized [12,33].

The study found that the majority of respondents were aware of the appropriate use of
antibiotics in high-risk medical conditions such as infective endocarditis, congenital cardiac
abnormalities, and prosthetic cardiac valves. Antibiotic prophylaxis for infective endocarditis
(IE) was first recommended by the American Heart Association (AHA) in 1955, with a long
list of conditions that required prophylaxis, including native and prosthetic heart valve disease
and pacemakers, among others [34]. However, current AHA guidelines only recommend IE
prophylaxis for patients at higher risk for IE, such as those with a history of IE, certain types
of congenital heart disease, and cardiac transplantation recipients with cardiac valvulopathy
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[35,36]. The current study was also consistent with the American Dental Association’s revised
guideline, which advises against prophylactic antibiotics for dental procedures in patients with
prosthetic joints, to which the majority of them correctly responded [37].

The majority of clinicians in the study preferred to treat their patients with amoxicillin,
which aligns with the AHA guidelines [35]. Amoxicillin has a broad spectrum of action and
has shown greater efficacy since it covers most bacteria responsible for oral infections. [38,39].
However, other studies have reported that amoxicillin with clavulanic acid is the first-choice
antibiotic [19,26,40]. In Nigeria and India, amoxicillin and metronidazole are often prescribed
together as the first [22,41] or second-choice antibiotic [42]. In the case of sensitivity to pen-
icillin, the dentists in the current study identified clindamycin as the first drug of choice, fol-
lowed by erythromycin, which is similar with other studies. However, the 2021 AHA scientific
statement no longer recommends the use of clindamycin as an oral or parenteral alternative
to amoxicillin or ampicillin in individuals with allergies to these drugs due to the possibility of
more frequent and severe reactions, including C. difficile infection [35,43]. For patients with
penicillin allergies, suggested alternatives now include first- or second-generation cephalospo-
rins, azithromycin, clarithromycin, or doxycycline [35].

4.2. Knowledge scores

The majority of respondents in the current study showed high knowledge scores regarding
antibiotic prescription, which is in contrast to some studies that produced contradictory
results demonstrating various elements of medium to poor knowledge [19,27]. Interestingly,
female respondents demonstrated significantly higher knowledge and practice scores than
their male counterparts. This may be attributed to socialization patterns, as women are often
encouraged to adhere to rules from an early age [44,45]. Additionally, studies have shown that
women are more likely to follow evidence-based medicine guidelines [42,43].

In the present study, government-sector clinicians achieved the highest knowledge scores,
followed by those in academia, while private-sector respondents scored comparatively lower;
however, these differences were not significant. A study by Al-Huwayrini et al. [46] found
that the majority of dentists working in private clinics in the Riyadh area had a good level of
knowledge about prescribing antibiotics, whereas Baadani et al [47] concluded that both den-
tists in government and private practices in Saudi Arabia’s western region had good antimi-
crobial prescribing knowledge. A study conducted in the US showed that dentists significantly
improved antibiotic prescribing patterns after enrolling in antibiotic stewardship education,
including audits and weekly feedback from infectious disease experts which can be effectively
implemented in Saudi Arabia [48].

There was a significant relationship between years of experience and knowledge of anti-
biotic prescriptions. Interestingly, those with less than five years of experience had more
knowledge in this area compared to their more experienced counterparts. This finding was
consistent with the work by Teoh et al., and Municki et al. [32,49] where the youngest respon-
dents with the least clinical experience (one to five years) demonstrated the highest level of
knowledge. The reason behind this trend is that these individuals have recently completed
their formal university education and are therefore up-to-date with the latest guidelines. This
suggests that other factors, such as changes in the curriculum and education system, may be
influencing prescribing behaviour in addition to clinical experience.

4.3. Practice scores

The study’s results showed that two-thirds of the respondents had good antibiotic prescrip-
tion practices. Clinicians in the government sector exhibited better performance in this area
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compared to private sector dentists. The majority of government clinicians were aware of anti-
microbial resistance. As such, they were less likely to prescribe antibiotics without a verified
diagnosis and a history of antibiotic use. In contrast, about 45% of private clinicians surveyed
admitted that they would prescribe antibiotics to delay treatment in situations where there
were long waiting lines. This finding is consistent with other studies conducted previously
[50]. It is important to note that appropriate antibiotic use is crucial in combating antimi-
crobial resistance. Therefore, there should be continuous efforts to promote good antibiotic
prescription practices among all clinicians, regardless of their sector.

The study utilized case-based scenarios, with over 50% of participants correctly identifying
certain clinical cases. However, in other scenarios, less than half of the participants provided
correct responses. These findings align with a study by Al-Johani K et al. [51], which used five
clinical scenarios to evaluate dentists’ adherence to standards and reported overall adherence
rates of less than 50% across all scenarios. This highlights significant gaps, including the lim-
ited clinical application of evidence-based knowledge, insufficient engagement from regula-
tory bodies in antibiotic prescription education, and inadequate data on dentists’ participation
in training programs and prescription practices.

4.4. Limitations

A primary concern is the reliance on self-reported data, which is subject to inherent biases
such as social desirability bias. Participants may over-report adherence to guidelines or
under-report inappropriate prescribing practices, potentially inflating the perceived rates of
guideline adherence. Additionally, the use of convenience sampling introduces the possibility
of selection bias, limiting the ability to generalize findings across all dental practitioners in
Saudi Arabia. The overrepresentation of government-sector dentists in the sample may have
further skewed the findings, as these practitioners typically have better access to guidelines
and training resources compared to their private-sector counterparts. This could lead to an
overestimation of adherence rates.

4.5. Future recommendation

Based on the findings and limitations, several recommendations can be made. Regular anti-
microbial stewardship programs tailored for dentists should be institutionalized to address
knowledge gaps and promote rational antibiotic use. Dental councils must mandate partici-
pation in continuing professional development programs focused on antibiotic stewardship.
Educational campaigns targeting antimicrobial resistance are essential to enhance awareness
among practitioners. To improve future research, more objective methods such as anonymous
patient record audits should be employed to minimize biases inherent in self-reported data.
Additionally, adopting randomized or stratified sampling techniques would provide a more
representative sample, ensuring balanced insights across public, private, and academic dental
sectors. Regular evaluations of prescribing practices should also be conducted, with deliberate
efforts to mitigate inappropriate antibiotic use in clinical settings.

5. Conclusion

Dentists in Kingdom of Saudi Arabia have a high level of expertise in antibiotics prescription.
Individuals employed in the public sector, and academics were all substantially related with
the proper pattern of antibiotic prescription. Additionally, amoxicillin and its derivatives are
the most preferred drugs. However, some aspects of poor practices particularly among private
sector clinicians necessitate the launching of educational campaigns, interventions and provi-
sion of latest guidelines for prudent use of antibiotics in dental practice.
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