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Abstract: Background: The non-specific prescription of antibiotics, especially in dentistry, contributes
to the global problem of antimicrobial resistance and highlights the need for education on the proper
use and serious consequences of overprescribing these drugs. The main objective of this study is
to assess and evaluate antibiotic knowledge and prescribing patterns in dental practice in Croa-
tia, Bosnia and Herzegovina, and Serbia, focusing on understanding the rationale for prescribing,
adherence to evidence-based guidelines, and dentists’ awareness of antibiotic resistance. Meth-
ods: A total of 795 dentists participated in this electronic cross-sectional survey (Croatia N = 336,
Bosnia and Herzegovina N = 176, and Serbia N = 283). The study utilized a self-structured question-
naire to collect data on various aspects of antibiotic use, including knowledge, prescribing practices,
awareness of guidelines, and demographic and professional information about dentists. Data analysis
included the Mann–Whitney test, the Kruskal–Wallis test with post hoc analysis, and chi-square tests,
with statistical significance set at p < 0.05. Results: The overall score for the participants’ knowledge of
antibiotics was 6.40 ± 1.40 out of a maximum of eight points, which indicates a generally good level
of knowledge among dentists. Factors such as gender, specialty, and practice location significantly
influenced the level of knowledge (p < 0.05). However, actual prescribing practice was a cause
for concern. Only 66.1% of Croatian dentists felt they had received adequate training during their
studies, and even fewer in Serbia (48.4%) and Bosnia (46.6%). It is noteworthy that 9.7% of dentists in
Bosnia and Herzegovina prescribe antibiotics at the request of patients, while 22.3% of Croatian
and 25.4% of Serbian dentists do so. Many dentists prescribe no or only one antibiotic per week. In
addition, 50.9% of Croatian dentists reported adverse effects related to the use of antibiotics, while
only 31.3% of Bosnian and 33.6% of Serbian dentists reported similar experiences. Conclusions: While
the study results indicate that dentists in the region generally possess good knowledge of antibiotic
use, there are significant discrepancies between this knowledge and actual prescribing practices. This
highlights the need for enhanced educational programs and awareness initiatives focused on proper
antibiotic guidelines to improve prescribing behaviors.

Keywords: antibiotics; antimicrobial resistance; dentistry; dentist; knowledge; prescription practices;
Croatia; Bosnia and Herzegovina; Serbia

1. Introduction

Antibiotics are crucial in dentistry to treat infections, prevent complications in high-
risk patients, and support post-procedure recovery, mainly complementing endodontic,
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surgical, or periodontal treatments [1,2]. In healthy patients, antibiotics are reserved for
acute infections like periapical abscesses or cellulitis with systemic symptoms such as
fever, lymphadenopathy, or trismus. Prophylactic antibiotics may be required for medi-
cally compromised patients at higher risk, such as those with heart disease or weakened
immunity [3–5]. Dental antibiotic guidelines stress accurate diagnosis prior to prescribing,
advocating for targeted broad-spectrum antibiotics [6–9]. Treatment duration should be
minimized to effectively control infection while reducing resistance and side effects. Amox-
icillin is most commonly prescribed, with clindamycin and metronidazole as alternatives.
Precise dosing ensures efficacy, shorter treatment times, better patient outcomes, and helps
combat antibiotic resistance [2–5,9].

While antibiotics are beneficial, their overuse risks contributing to antibiotic resistance.
Dentists and oral surgeons are responsible for about 10% of antibiotic prescriptions, often
without adequate clinical justification [10,11]. Overprescribing, sometimes due to patient
requests or caution, encourages resistant bacterial strains, undermining treatment efficacy.
This issue stems from both dentist pressures and patient expectations, with patients often
mistakenly believing antibiotics will hasten recovery [12,13]. Combating resistance requires
dentists to follow evidence-based guidelines, assess antibiotic necessity, educate patients
on proper use, favor narrow-spectrum antibiotics, minimize unnecessary prophylaxis,
practice strict infection control, and stay updated on research while routinely reviewing
their prescribing habits [5,14,15].

Numerous articles conducted worldwide, including in Croatia, Bosnia and Herzegovina, and
Serbia, emphasize that non-compliance with recommended prescribing protocols—particularly
in terms of the selection of appropriate antibiotics for suspected pathogens, site of infec-
tion, dosing regimens, and duration of therapy—poses a significant challenge to antibiotic
stewardship in dentistry [16–34]. In Croatia, awareness of antimicrobial resistance among
dentists is very high, but the overuse of antibiotics remains a major concern [27,34]. The use
of antibiotics in dentistry has increased in parallel with the general increase in drug con-
sumption, with a growth rate of over 6% in the ten years from 2014 to 2024 [24,25]. During
this period, amoxicillin with clavulanic acid was the most frequently prescribed antibiotic,
followed by amoxicillin, clindamycin, and metronidazole [25,26]. On average, each dental
practice issued 133 antibiotic prescriptions per year [24], with around 30% being prescribed
for clinical diagnoses that do not justify antibiotic treatment [25]. The main indications
for the use of antibiotics include endodontic and oral surgical procedures [26,27,29,30].
In Serbia, research has shown that dentists are not sufficiently informed about dental ethics,
which has a negative impact on their practice of prescribing antibiotics. This includes
inappropriate behaviors such as prescribing antibiotics when they are not necessary, choos-
ing broad-spectrum antibiotics without appropriate indication, and issuing prescriptions
without thorough examination or for indications that are beyond their competence [31].
In contrast to the practices of Croatian dentists, amoxicillin is the first-choice antibiotic
in Serbia, followed by clindamycin [32]. In a 2019 study conducted among dentists in
Bosnia and Herzegovina, respondents noted that the use of antimicrobials is often exces-
sive, unnecessary, and indiscriminate. They also agreed that antimicrobial resistance is
a significant global problem [34]. As confirmed by studies in Croatia, antibiotics such as
amoxicillin with clavulanic acid, and amoxicillin followed by clindamycin and metron-
idazole, are frequently used in endodontics in Bosnia and Herzegovina [34]. Although
dentists in some studies report that they follow guidelines, it is important to emphasize
that most dental societies of different specialties in Croatia, Bosnia and Herzegovina, and
Serbia do not have guidelines available in their native language. Instead, they rely on
recommendations from European and global dental organizations [8,28,33]. This underlines
the need to standardize antibiotic guidelines in these societies, especially regarding the use
in medically healthy and immunocompromised patients at the national level.

Given the challenges dentists face in using antibiotics—stemming from unfamiliar-
ity with guidelines, inconsistencies, and workplace pressures—this study aims to assess
antibiotic knowledge and prescribing patterns among dentists treating both healthy and
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immunocompromised patients in Croatia, Serbia, and Bosnia and Herzegovina. Addressing
these issues is vital for effective patient care and antibiotic stewardship. The study also
examines how socio-demographic and professional factors influence antibiotic knowledge,
hypothesizing no significant differences among respondents from different countries.

2. Results

Table 1 presents demographic and professional data for the total number of respon-
dents, as well as by country, along with the knowledge scores on antibiotics. A total
of 795 respondents participated in the study, with a mean age of 37.20 ± 8.90 years
(Md = 35.00; min = 24, max = 69). On average, dental practitioners prescribed
2.1 ± 2.1 antibiotic courses per week (Md = 2.00; minimum = 0, maximum = 20). Among
them, 336 were dental practitioners from Croatia, with a mean age of 37.4 ± 10.1 years
(Md = 34.00; min = 25, max = 69), who prescribed an average of 2.1 ± 2.1 antibiotics per
week (Md = 2.00; min = 0, max = 20). From Bosnia and Herzegovina, 176 dentists with
a mean age of 38.1 ± 10.6 years (Md = 38.00; min = 26, max = 61) typically prescribed
2.5 ± 2.8 antibiotics weekly (Md = 2.00; min = 0, max = 20). Meanwhile, 283 dentists from
Serbia, with a mean age of 36.5 ± 7.4 years (Md = 35.00; min = 24, max = 53), prescribed an
average of 1.8 ± 1.5 antibiotics per week (Md = 1.00; min 0, max 10).

Table 1. Demographic and professional characteristics of respondents by country and antibiotic
knowledge scores.

Characteristics Total
(N = 795)

Antibiotic
Knowledge p-Value a CR

(N = 336)
BH

(N = 176)
SE

(N = 283) p-Value b

Sex
Man 226 (28.4) 6.08 (1.45)

≤0.001 *
98 (29.2) 55 (31.3) 73 (25.8)

0.418
Woman 569 (71.6) 6.55 (1.41) 238 (70.8) 121 (68.8) 210 (74.2)

Age group
(years)

≤30 230 (28.9) 6.55 (1.30)

0.201

121 (36.0) 31 (17.6) 78 (27.6)

≤0.001 *
31–40 292 (36.7) 6.18 (1.51) 92 (27.4) 90 (51.1) 110 (38.9)

41–50 187 (23.5) 6.56 (1.41) 73 (21.7) 39 (22.2) 75 (26.5)

≥51 86 (10.8) 6.51 (1.52) 50 (14.9) 16 (9.1) 20 (7.1)

Academic
qualification

DMD 648 (81.5) 6.40 (1.47)
0.480

272 (81.0) 131 (74.4) 245 (86.6)
0.005 *

MSc/PhD 147 (18.5) 6.49 (1.51) 64 (19.0) 45 (25.6) 38 (13.4)

Dental specialty

General 600 (75.4) 6.37 (1.43) a

0.002 *

260 (77.4) 129 (73.4) 211 (74.6)

0.013 *

Endodontics 34 (4.3) 6.97 (1.16) g 15 (4.5) 7 (4.0) 12 (4.2)

Oral surgery 53 (60.6) 6.52 (1.42) b,h 19 (5.7) 14 (7.9) 20 (7.1)

Oral medicine 3 (0.4) 5.67 (1.52)c 3 (0.9) 0 (0) 0 (0)

Pediatrics 26 (3.3) 7.42 (0.75) a–f 5 (1.5) 7 (4.0) 14 (4.9)

Orthodontics 23 (2.9) 6.22 (1.73) d 7 (2.1) 8 (4.5) 8 (2.8)

Periodontics 17 (2.1) 6.53 (1.28) d 7 (2.1) 2 (1.1) 8 (2.8)

Prosthodontics 33 (4.2) 6.0 (1.34) e,g,h 14 (4.2) 9 (5.1) 10 (3.5)

Family Dentistry 6 (0.8) 5.76 (2.65) f 6 (1.8) 0 (0) 0 (0)

Practice setting

Private practice 451 (56.7) 6.38 (1.47)

0.188

116 (34.5) 135 (76.7) 200 (70.7)

≤0.001 *Health center 273 (34.3) 6.40 (1.39) 169 (50.3) 27 (15.3) 77 (27.2)

Secondary/
tertiary care 71 (8.9) 6.71 (1.40) 51 (15.2) 14 (8.0) 6 (2.1)

Area of working
Urban 649 (81.6) 6.47 (1.43)

0.034 *
266 (79.2) 138 (78.4) 245 (86.6)

0.027 *
Rural 146 (18.4) 6.18 (1.46) 70 (20.8) 38 (21.6) 38 (13.4)

Clinical
working experience

≤10 years 469 (57.9) 6.44 (1.34)
0.597

185 (55.1) 90 (51.1) 185 (65.3)
0.004 *

>10 years 335 (42.1) 6.38 (1.56) 151 (44.9) 86 (48.9) 98 (34.7)
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Table 1. Cont.

Characteristics Total
(N = 795)

Antibiotic
Knowledge p-Value a CR

(N = 336)
BH

(N = 176)
SE

(N = 283) p-Value b

Working hours with
patients per day

≤6 h 275 (34.6) 6.34 (1.50)
1.788

110 (32.7) 53 (30.1) 112 (39.6)
0.075

>6 h 520 (65.4) 6.40 (1.40) 226 (67.3) 123 (69.9) 171 (60.4)

Number of patients
per day

≤10 patients 275 (47.2) 6.35 (1.50)
0.215

138 (41.1) 79 (44.9) 158 (55.8)
≤0.001 *

>10 patients 420 (52.8) 6.47 (2.38) 198 (58.9) 97 (55.1) 25 (44.2)

Data are presented as numbers (percentages) or mean (SD). Statistical significance was determined using the
Mann–Whitney test a or Kruskal–Wallis one-way ANOVA a for the knowledge values and the chi-square test b

for the differences between the countries in the demographic and occupational factors. Groups with statistically
significant differences in post hoc tests are labeled with the same superscript lowercase letter. Abbreviations:
CR—Croatia; BH—Bosnia and Herzegovina; SE—Serbia. * p < 0.05 indicates statistical significance.

The total antibiotics knowledge score among all participants was 6.40 ± 1.40 out
of a maximum of eight (Md = 7.00; IQR 6.00–8.00, min = 0, max = 8). For Croatian par-
ticipants, the score averaged 6.30 ± 1.43 (Md = 7.00; IQR 5.00–7.00, min = 0, max = 8).
Bosnian participants had a mean score of 6.41 ± 1.51 (Md = 7.00; IQR 6.00–8.00, min = 2,
max = 8), while Serbian participants scored 6.55 ± 1.39 (Md = 7.00; IQR 6.00–8.00,
min = 2, max = 8). There was no statistically significant difference in knowledge scores
among dental practitioners based on their country of practice (p = 0.093). Female partici-
pants demonstrated significantly better knowledge compared to males (p ≤ 0.001). Among
different specialties, pediatric dentists had the highest knowledge scores compared to
general dentists and other specialties (p = 0.002). Additionally, dentists working in urban
areas showed better knowledge than those practicing in rural areas (p = 0.034)

Table 2 illustrates that most respondents rated their knowledge of antibiotics as mod-
erate (N = 566, 71.2%). A total of 57.6% of Serbian practitioners prescribe none or only
one antibiotic weekly, whereas nearly half of Croatian (49.1%) and Bosnian (48.9%) prac-
titioners prescribe between 2 and 5 antibiotics weekly. Notably, 50.9% of Croatian prac-
titioners reported encountering adverse effects related to antibiotic use in their patients,
compared to 31.3% in Bosnia and 33.6% in Serbia. Amoxicillin with clavulanic acid was
selected as a first-line antibiotic for medically health patients with no penicillin allergy, with
91.4% of Croatian practitioners reporting its use, compared to 84.7% of Bosnian and 79.5%
of Serbian practitioners. Clindamycin was commonly utilized as an alternative for patients
with penicillin allergies, being prescribed by 88.7% of Croatian dentists and 67.8% of Ser-
bian dentists. Additionally, 56.3% of Bosnian dentists reported prescribing erythromycin in
such cases. No statistically significant differences were observed in antibiotic knowledge
among respondents based on their self-assessment of knowledge, the number of antibiotics
prescribed weekly, the average duration of antibiotic therapy, or the experience of side
effects (p > 0.05).

Table 2. Self-reported knowledge and prescribing practices related to antibiotics in dental medicine.

Characteristic Total
(N = 795) CR (N = 336) BH (N = 176) SE (N = 283)

Self-assessment of personal
knowledge and rational prescribing

patterns regarding antibiotics

Poor 15 (1.9) 4 (1.2) 1 (0.6) 10 (3.5)

Moderate 566 (71.2) 222 (66.1) 124 (70.5) 220 (77.7)

Good 214 (26.9) 110 (32.7) 51 (29.0) 53 (18.7)

Source of antibiotic information

Dental school 611 (76.9) 275 (81.8) 129 (73.3) 207 (73.1)

Seminars and congresses 315 (39.6) 127 (37.8) 74 (42.1) 114 (40.3)

Colleagues 299 (37.6) 106 (31.5) 82 (46.6) 111 (39.2)

Pharmacists 147 (18.5) 49 (14.6) 51 (28.9) 47 (16.7)

Internet 249 (31.3) 97 (28.9) 77 (43.8) 81 (28.6)
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Table 2. Cont.

Characteristic Total
(N = 795) CR (N = 336) BH (N = 176) SE (N = 283)

Articles and
scientific papers 347 (43.6) 143 (42.6) 94 (53.4) 110 (38.9)

Average number of prescribed
antibiotics per week

0–1 396 (49.8) 156 (46.4) 77 (43.8) 163 (57.6)

2–5 365 (45.9) 165 (49.1) 86 (48.9) 114 (40.3)

>5 34 (4.3) 15 (4.5) 13 (7.4) 6 (2.1)

The average duration of prescribed
antibiotic therapy for

dentoalveolar infection

≤ 5 days 172 (21.6) 27 (8.0) 47 (26.7) 98 (34.6)

5–7 days 533 (67.1) 253 (75.3) 106 (60.2) 174 (61.5)

≥ 7 days 90 (11.3) 56 (16.7) 23 (13.1) 11 (3.9)

The most common procedures that
require an antibiotic prescription *

Pediatric Dentistry 129 (16.2) 37 (11.1) 20 (11.4) 72 (25.4)

Endodontics and
Restorative Dentistry 453 (57.0) 244 (72.6) 87 (49.4) 122 (43.1)

Oral surgery 666 (83.8) 257 (76.5) 163 (92.6) 246 (86.9)

Oral medicine 37 (4.7) 5 (1.4) 19 (10.8) 13 (4.6)

Orthodontics 3 (0.4) 1 (0.1) 0 (0) 2 (0.1)

Periodontology 219 (7.5) 102 (30.4) 32 (18.2) 85 (30.1)

Patient feedback regarding
antibiotic side effects

Yes 321 (40.4) 171 (50.9) 55 (31.3) 95 (33.6)

No 474 (59.6) 165 (49.1) 121 (68.8) 188 (66.4)

A first-choice antibiotic for treating
dentoalveolar infections in healthy

patients with no allergy to
penicillin *

Amoxicillin/
clavulanic acid 681 (85.7) 307 (91.4) 149 (84.7) 225 (79.5)

Clindamycin 130 (16.4) 30 (8.9) 28 (15.9) 72 (25.4)

Metronidazole 182 (22.9) 58 (17.3) 53 (30.1) 71 (25.1)

Aminopenicillin 90 (11.3) 30 (8.9) 17 (9.7) 43 (15.2)

Penicillin V 95 (11.5) 35 (10.4) 19 (10.8) 41 (14.5)

Other 182 (22.9) 58 (17.3) 53 (30.1) 71 (25.1)

A first-choice antibiotic for treating
dentoalveolar infections in healthy

patients with an allergy
to penicillin *

Cephalosporin 73 (9.2) 40 (11.9) 17 (9.6) 16 (5.6)

Erythromycin 245 (30.8) 18 (5.4) 99 (56.3) 128 (45.2)

Clarithromycin 44 (5.5) 13 (3.9) 16 (9.1) 15 (5.3)

Azithromycin 122 (15.3) 28 (8.3) 36 (20.5) 58 (20.5)

Clindamycin 560 (70.4) 298 (88.7) 70 (39.8) 192 (67.8)

Metronidazole 117 (14.7) 38 (11.3) 22 (12.5) 57 (20.1)

Tetracycline 21 (2.6) 3 (0.9) 0 (0) 18 (6.4)

Data are presented as numbers (percentages). * Multiple answers possible. Abbreviations: CR—Croatia;
BH—Bosnia and Herzegovina; SE—Serbia.

Table 3 presents an assessment of awareness, education, and prescribing practices
related to antibiotics in dental medicine. Over 90% of respondents stated that they are
adherent to current guidelines for antibiotic prescribing, are familiar with recommended
dosages, and are aware of antimicrobial resistance. However, only 66.1% of dentists in
Croatia felt adequately educated during their studies, compared to just 48.4% in Serbia
and 46.6% in Bosnia. Notably, only 9.7% of dentists in Bosnia and Herzegovina prescribe
antibiotics at patients’ request, while 22.3% of Croatian dentists and 25.4% of Serbian
dentists do so.
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Table 3. Assessment of awareness, education, and prescribing practices related to antibiotics in
dental medicine.

Characteristic Total
(N = 795)

CR
(N = 336)

BH
(N = 176)

SE
(N = 283)

Adherence to the current guidelines on proper
curative and prophylactic prescribing of

antibiotics in dental medicine (“Yes”)
759 (95.5) 324 (96.4) 167 (94.9) 268 (94.7)

Following updates to the guidelines on the
proper use of antibiotics in dental

medicine (“Yes”)
569 (71.6) 244 (72.6) 105 (59.7) 220 (77.7)

Sufficiently educated on the topic of
antibiotics and their application in dental
medicine during both undergraduate and

postgraduate studies (“Yes”)

441 (55.5) 222 (66.1) 82 (46.6) 137 (48.4)

Interested in future education on the topic of
antibiotics and their application in dental

medicine (“Yes”)
755 (95.0) 314 (93.5) 165 (93.8) 276 (97.5)

Awareness of antimicrobial resistance (“Yes”) 758 (95.3) 328 (97.6) 170 (96.6) 260 (91.9)

Taking antimicrobial resistance into
consideration when prescribing antibiotic

therapy (“Yes”)
684 (86.0) 294 (87.5) 159 (90.3) 231 (81.6)

Considering antimicrobial resistance a serious
threat to public health (“Yes”) 780 (98.1) 323 (96.1) 176

(100.0) 281 (99.3)

Prescribing antibiotics at the request of
patients (“Yes”) 164 (20.6) 75 (22.3) 17 (9.7) 72 (25.4)

Prescribing antibiotics when not
indicated (“Yes”) 125 (15.7) 53 (15.8) 32 (18.2) 40 (14.1)

Considering that antibiotics are overly and
indiscriminately prescribed in dental

medicine (“Yes”)
699 (87.9) 301 (89.6) 168 (95.5) 230 (81.3)

Familiarity with the recommended doses of
various types of antibiotics (“Yes”) 741 (93.2) 314 (93.5) 163 (92.6) 264 (93.3)

Data are presented as numbers (percentages). Abbreviations: CR—Croatia; BH—Bosnia and Herzegovina;
SE—Serbia.

Table 4 presents the prescribing patterns of antibiotics for certain oral conditions
among respondents. The great majority (over 90%) prescribe antibiotics to patients with
severe dentofacial abscesses, acute periapical infections, necrotizing ulcerative gingivitis,
and periodontal abscesses with systemic signs of infection. Conversely, only 61.0% of them
prescribe antibiotics to patients presenting with pericoronitis, and only 38.5% prescribe
them during implant surgery involving bone augmentation.

Table 4. Prescribing patterns of antibiotics for curative purposes in medically healthy patients.

Condition Total
(N = 795)

CR
(N = 336)

BH
(N = 176)

SE
(N = 283)

Severe dentofacial abscesses, rapidly
spreading cellulitis, and Ludwig’s

angina (“Yes”)
780 (98.1) 329 (97.9) 173 (98.3) 278 (98.2)

Acute periapical infections with systemic signs
of inflammation, elevated temperature, and

enlarged lymph nodes. (“Yes”)
783 (98.5) 328 (97.6) 175 (99.4) 280 (98.9)

Osteomyelitis (“Yes”) 675 (84.9) 285 (84.8) 156 (88.6) 234 (82.7)
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Table 4. Cont.

Condition Total
(N = 795)

CR
(N = 336)

BH
(N = 176)

SE
(N = 283)

Medication-related osteonecrosis of the jaw
with secondary infection (“Yes”) 615 (77.4) 277 (82.4) 131 (74.4) 207 (73.1)

Pericoronitis (“Yes”) 485 (61.0) 208 (61.9) 90 (51.1) 187 (66.1)

Dry socket (localized osteitis) (“Yes”) 251 (31.6) 116 (34.5) 60 (34.1) 75 (26.5)

Acute sinusitis (“Yes”) 498 (62.6) 181 (53.9) 128 (72.7) 189 (66.8)

Acute bacterial sialadenitis (“Yes”) 629 (79.1) 269 (80.1) 134 (76.1) 226 (77.9)

Gingivitis (“Yes”) 61 (7.7) 16 (4.8) 13 (7.4) 32 (11.3)

Necrotizing ulcerative gingivitis with systemic
signs of inflammation, elevated temperature,

and enlarged lymph nodes (“Yes”)
747 (94.0) 320 (95.2) 159 (90.3) 268 (94.7)

Periodontal abscesses with systemic signs of
inflammation, elevated temperature, and

enlarged lymph nodes (“Yes”)
769 (96.7) 331 (98.5) 164 (93.2) 274 (96.8)

Peri-implant mucositis (“Yes”) 229 (28.8) 90 (26.8) 56 (31.8) 83 (99.3)

Peri-implantitis (“Yes”) 418 (52.6) 185 (55.1) 87 (49.4) 146 (51.6)

Implant placement (“Yes”) 350 (44.0) 129 (38.4) 115 (65.3) 106 (37.5)

Intraoral bone augmentation before implant
placement (“Yes”) 306 (38.5) 125 (37.2) 91 (51.7) 90 (31.8)

Acute pulpitis (“Yes”) 28 (3.5) 17 (5.1) 5 (2.8) 6 (2.1)

Tooth avulsion (“Yes”) 403 (50.7) 169 (50.3) 105 (59.7) 129 (45.6)

Oroantral fistula (“Yes”) 379 (47.7) 163 (48.5) 92 (52.3) 124 (43.8)
Data are presented as numbers (percentages). Abbreviations: CR—Croatia; BH—Bosnia and Herzegovina;
SE—Serbia.

Table 5 illustrates the prophylactic antibiotic prescribing practices among respondents.
The majority of dental practitioners (over 94%) prescribe antibiotics before dental proce-
dures for patients with a history of recurrent infective endocarditis or those with prosthetic
heart valves or materials. On the other hand, less than 40% of respondents prescribe medi-
cation for patients with conditions such as artificial joints, chemotherapy or radiotherapy,
HIV, and other immunodeficiencies, as shown in Table 5.

Table 5. Prophylactic antibiotic prescribing practices for interventional dental procedures in medically
compromised patients.

Condition Total
(N = 795)

CR
(N = 336)

BH
(N = 176)

SE
(N = 283)

Previous or recurrent infective
endocarditis (“Yes”) 781 (98.2) 329 (97.9) 176

(100.0) 276 (97.5)

Prosthetic heart valve or material (“Yes”) 754 (94.8) 319 (94.9) 168 (95.5) 267 (94.3)

Heart transplant recipients who develop heart
valve disease (“Yes”) 718 (91.3) 321 (95.5) 143 (81.3) 254 (89.8)

Cardiac pacemakers, penile implants, breast
implants, or intraocular implants (“Yes”) 155 (19.5) 59 (17.6) 45 (25.6) 51 (18.0)

Chemotherapy (“Yes”) 317 (39.9) 156 (46.4) 54 (30.7) 107 (37.8)

Radiotherapy (“Yes”) 286 (36.0) 134 (42.6) 46 (26.1) 97 (34.3)

Transplanted organs (“Yes”) 508 (63.9) 250 (74.4) 102 (58.0) 156 (55.1)

HIV (“Yes”) 205 (25.8) 75 (22.3) 51 (29.0) 79 (27.9)
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Table 5. Cont.

Condition Total
(N = 795)

CR
(N = 336)

BH
(N = 176)

SE
(N = 283)

Diabetes (“Yes”) 125 (15.7) 43 (12.8) 32 (18.2) 50 (17.7)

Renal dialysis (“Yes”) 224 (28.2) 88 (26.2) 33 (18.8) 103 (36.4)

Artificial joint (“Yes”) 275 (34.6) 166 (49.4) 61 (34.7) 48 (17.0)

Devices for intravenous access (central venous
lines/permanent catheters used for parenteral
nutrition or chemotherapy, and hemodialysis

catheters) (“Yes”)

250 (31.4) 109 (32.4) 56 (51.8) 85 (30.0)

Autoimmune disease (“Yes”) 111 (14.0) 46 (13.7) 18 (10.2) 47 (16.6)
Data are presented as numbers (percentages). Abbreviations: CR—Croatia; BH—Bosnia and Herzegovina;
SE—Serbia.

Table 6 shows the distribution of correctly answered questions regarding the use of
antibiotics in dentistry. The knowledge assessment on the use of antibiotics in dentistry
was structured with the answer options “Yes”, “No” and “I don’t know”. Respondents
received one point for each correct answer (“Yes”), and zero points for incorrect answers
(“No” and “I don’t know”) and their total score was then calculated.

Table 6. Assessment of knowledge on antibiotic use in dentistry: frequency distribution of correct
responses by dental practitioners.

Question Total
(N = 795)

CR
(N = 336)

BH
(N = 176)

SE
(N = 283)

Antibiotics are recommended as an adjunct in
the definitive treatment of infections,

especially when there is fever, evidence of
systemic spread of infection, and local

involvement of lymph nodes. (“Yes”) [6]

707 (88.9) 304 (90.5) 146 (83.0) 257 (90.8)

Antibiotics are recommended alongside
incision, drainage, and removal of the cause

for severe dentoalveolar infections that spread
rapidly. (“Yes”) [6]

730 (91.8) 298 (88.7) 159 (90.3) 273 (96.5)

Routine prescription of clindamycin,
cephalosporins, or co-amoxiclav for dental
infections is not recommended and should

only be carried out based on specialist
guidance (“Yes”) [6]

562 (70.7) 228 (67.9) 114 (64.8) 220 (77.7)

Antimicrobial agents are not recommended for
chronic dentoalveolar infections (“Yes”) [6] 535 (67.3) 235 (69.9) 111 (63.1) 189 (66.8)

Penicillin, such as phenoxymethylpenicillin or
amoxicillin, is the first-choice antibiotic for

dentoalveolar infections (“Yes”) [6]
723 (90.9) 291 (86.6) 163 (92.6) 269 (95.1)

The second-choice antimicrobial agent for
dentoalveolar infections is either

metronidazole or a macrolide, such as
clarithromycin (“Yes”) [6]

591 (74.3) 241 (71.7) 143 (81.3) 207 (73.1)

For antibiotic prophylaxis, patients are
given 2 g of oral amoxicillin 30–60 min before
the procedure if the dental procedure involves

manipulation of gingival tissue or the
periapical region of the tooth or perforation of

the oral mucosa (“Yes”) [8,9]

673 (84.7) 297 (88.4) 156 (88.6) 220 (77.7)
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Table 6. Cont.

Question Total
(N = 795)

CR
(N = 336)

BH
(N = 176)

SE
(N = 283)

In case of penicillin allergy, alternative
antibiotic prophylaxis includes cephalexin 2 g
orally, azithromycin/clarithromycin 500 mg

orally, or doxycycline 100 mg
orally (“Yes”) [8,9]

578 (72.7) 222 (66.1) 137 (77.8) 219 (77.4)

Data are presented as numbers (percentages). Abbreviations: CR—Croatia; BH—Bosnia and Herzegovina;
SE—Serbia.

Participants gave the most correct answers to the question on antibiotics as an adjunct
in treating infections with fever, systemic spread, and lymph node involvement, with
90.5% of Croatian, 83.0% of Bosnian, and 90.8% of Serbian respondents answering correctly.
Similarly, for the question on antibiotics alongside incision, drainage, and cause removal
for rapidly spreading dentoalveolar infections, 88.7% of Croatian, 90.3% of Bosnian, and
96.5% of Serbian respondents answered correctly. Conversely, the lowest number of correct
answers was given to the question stating that antimicrobial agents are not recommended
for chronic dentoalveolar infections. The correct response rates were 69.9% for Croatian,
63.1% for Bosnian, and 66.8% for Serbian participants.

Figure 1 illustrates the reported side effects associated with antibiotic use among
patients. The most frequently reported side effect was diarrhea/abdominal pain, cited by
67.0% of Croatian, 41.5% of Bosnian, and 44.9% of Serbian dental practitioners.
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Figure 2 shows which antibiotics were most frequently associated with previously
reported side effects from Figure 1. More than half of Croatian dentists (53.0%) reported
amoxicillin with clavulanic acid as the cause, along with 24.4% of Bosnian and 12.4% of
Serbian dentists. Other reported antibiotics included clindamycin (34.8% of Croatian, 14.2%
of Bosnian, and 27.2% of Serbian dentists) and metronidazole (34.5% of Croatian, 17.6% of
Bosnian, and 23.3% of Serbian dentists).
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3. Discussion

The proper use of antibiotics in dental practice is essential for effectively treating odon-
togenic infections while minimizing the development of bacterial resistance. Achieving
this requires prescribing antibiotics only when necessary and ensuring they are adminis-
tered at the appropriate dosage [5]. This study aimed to compare and evaluate antibiotic
prescription practices and knowledge among dental practitioners from Croatia, Bosnia and
Herzegovina, and Serbia. Although previous studies have explored antibiotic prescrip-
tion practices in these regions, none have simultaneously encompassed or systematically
compared all three countries. Research has typically focused on individual nations or
specific groups of dental professionals, leaving a gap in understanding how these regions
differ in their knowledge and antibiotic prescribing behaviors. Consequently, there re-
mains limited comprehensive analysis that contrasts these nations directly within a unified
framework [24–34].

Dental practitioners from this study demonstrated competent antibiotic knowledge,
with a total knowledge score of 6.40 ± 1.40 of a possible maximum score of 8. There were
no statistically significant differences in knowledge among dental practitioners based on
their country of practice. The knowledge test featured questions focusing on the use of an-
tibiotics in clinical scenarios. One question addressed the recommendation of antibiotics as
an adjunct in the definitive treatment of infections, particularly in cases with fever, systemic
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spread, and local lymph node involvement. Another question examined the recommenda-
tion of antibiotics in conjunction with incision, drainage, and removal of the cause for severe
dentoalveolar infections that spread rapidly [3–5]. These questions were successfully an-
swered by more than 83% of participants, highlighting a strong understanding of antibiotic
use in these critical situations. On the other hand, the use of antibiotics is not justified in the
treatment of chronic infections. Case reports and literature reviews indicate that removing
the cause of the infection typically resolves the issue, allowing extraoral cutaneous sinus
tracts to heal spontaneously [3–5]. This was recognized by only 69.9% of Croatian dentists,
63.1% of Bosnian dentists, and 66.8% of Serbian dentists, revealing a notable knowledge
gap about antibiotic use for chronic infections among dental practitioners.

In this study, over 90% of respondents reported favorable practices regarding antibi-
otic use, including adherence to established guidelines for prescriptions, familiarity with
recommended dosages, and awareness of antimicrobial resistance. A study conducted in
Primorsko-Goranska County, Croatia, reported that 99.4% of dental practitioners demon-
strated high awareness of antimicrobial resistance [27]. However, while 83.5% of dentists
in a study involving Croatian and Bosnian practitioners indicated they utilized antibiotic
guidelines, only 7.8% were able to accurately articulate valid guidelines [34]. Some studies
have identified that a primary factor influencing dentists to prescribe antibiotics is the per-
ceived pressure from patients to obtain antibiotic prescriptions [35,36]. In this study, 25.4%
of Croatian, 9.7% of Bosnian, and 22.3% of Serbian dental practitioners reported prescribing
antibiotics at the request of patients. Notably, an even greater proportion (43.4%) in a study
conducted in Primorsko-Goranska County acknowledged similar practices [27]. These
findings underscore a concerning trend in antibiotic prescribing practices influenced by
patient requests across the examined regions.

Antibiotics are indicated in scenarios where an abscess rapidly disseminates beyond
the dento-alveolar region into adjacent tissues, presenting with systemic signs and symp-
toms. Such cases often necessitate advanced management due to the risk of severe compli-
cations, including Ludwig’s angina and cellulitis [5]. Almost all participants (over 97.0%)
in this study recognized this scenario and reported applying this understanding in their
clinical practice. However, other studies in this region have shown varied results. Den-
tal practitioners in a study from Primorsko-Goranska County prescribed antibiotics for
periapical abscesses (84.7%) and periodontal abscesses (72.6%) [27]. A separate study on an-
tibiotic prescriptions in emergency dental services in Zagreb, Croatia, indicated that 70.7%
of antibiotic prescriptions were made for periapical periodontitis, acute apical abscess,
or pulpitis [26]. Notably, one-quarter of participants in that study incorrectly prescribed
antibiotics for pulpitis, which is not an appropriate indication. Additionally, another
study among dental practitioners in Zagreb found that 44.05% of participants prescribed
antibiotics for periapical or periodontal abscesses [30]. A 5-year national study among
Croatian dental practices revealed that 22.0% of antibiotics were prescribed for inconclusive
indications, while 29.79% were not prescribed following contemporary guidelines for the
proper use of antibiotics [25].

Besides the therapeutic use of antibiotics, they are also recommended prophylactically
before invasive dental procedures for certain groups of patients. The American Heart
Association recommends antimicrobial prophylaxis before specific dental procedures for
patients at increased risk of infective endocarditis if they have a prosthetic valve or im-
planted cardiac material, a history of previous infective endocarditis, certain congenital
heart conditions, or valvopathy following a cardiac transplant [37]. In this study, most
participants (over 94%) recognized previous or recurrent infective endocarditis and the pres-
ence of a prosthetic heart valve or material as correct indications for antibiotic prophylaxis.
Various conditions, such as leukemia, HIV, chronic diseases like end-stage renal disease,
patients on dialysis, those with uncontrolled diabetes, individuals receiving chemother-
apy, radiation, steroids, immunosuppressive post-transplant medications, and those with
genetic defects, can compromise immune function, making patients more susceptible to
opportunistic infections. The prompt and effective management of dental infections in
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these patients is essential and may require collaboration with their healthcare specialists,
with antibiotic prescription potentially justified in such cases [5]. However, current ev-
idence does not indicate an increased risk of infection related to dental procedures or
surgical site infections in this population [38–41]. Despite these uncertainties, a significant
proportion of dentists in this study indicated these medical conditions as indications for
the prophylactic use of medications. In this study, 49.4% of Croatian, 34.7% of Bosnian, and
17.0% of Serbian dental practitioners would prescribe antibiotic prophylaxis for patients
with artificial joints. A systematic review of nine studies, along with additional literature,
examined the association between dental procedures and the risk of artificial joint infections.
The findings revealed no evidence supporting the use of antibiotic prophylaxis in reducing
joint infection rates [42]. However, in patients with a history of complications from joint
replacement surgeries undergoing dental procedures involving gingival manipulation
or mucosal incision, prophylactic antibiotics should be considered only after consulting
both the patient and the orthopedic surgeon. When antibiotics are necessary, the orthopedic
surgeon should recommend the appropriate regimen and, if needed, write the prescription.
Practitioners and patients should weigh the medical risks of performing dental treatments
without antibiotics against the potential risks of frequent or unnecessary antibiotic use.
This approach should be integrated into clinical decision-making, balancing evidence-based
guidelines with professional judgment and patient preferences [43].

Preferences for the first-choice antibiotic for medically healthy patients differed among
respondents based on their country of practice. Amoxicillin with clavulanic acid was
the dominant choice, preferred by 91.4% of Croatian practitioners, compared to 84.7% of
Bosnian and 79.5% of Serbian practitioners. These findings align with studies examining
antibiotic prescriptions among Croatian dentists, indicating a strong preference for peni-
cillin combined with clavulanic acid within this group [25,26]. This presents a significant
issue, as Croatian dentists favor the use of the broad-spectrum co-amoxiclav, despite ex-
isting guidelines in dentistry recommending amoxicillin as the first-choice antibiotic [24].
This contrasts with Serbian dentists, who have been shown in previous studies to favor
amoxicillin, while in our study only 15.2% selected amoxicillin as a first-line antibiotic [32].

Recent guidelines indicate that the second-choice antimicrobials include either metron-
idazole or a macrolide, such as clarithromycin, which provide better pharmacokinetics and
tolerability compared to erythromycin. Clindamycin is effective against oral anaerobes but
is associated with a higher incidence of gastrointestinal side effects, including diarrhea, and
has been linked to an increased risk of Clostridium difficile infections. For some patients, clin-
damycin may be the only suitable antimicrobial option due to allergies or drug interactions.
While cephalosporins can be used for oral infections, they do not offer any advantages over
penicillin in treating dental infections and are less effective against anaerobic bacteria [6].
In this study, clindamycin was identified as the second-choice antibiotic for patients with
penicillin allergies by 88.7% of Croatian dentists, whereas only 39.8% of Bosnian dentists
and 67.8% of Serbian dentists preferred it. In this study, dental professionals from Bosnia
and Herzegovina identified erythromycin (56.3%) and azithromycin (20.5%) as alternative
antibiotic options. This contrasts with another study among Bosnian dental practitioners,
who reported clindamycin (33.9%) as the most preferred alternative, followed by lincomycin
(29.4%), erythromycin (17.2%), metronidazole (10.0%), and azithromycin (9.4%) [33]. In this
study, Serbian dental professionals showed a preference for clindamycin (67.8%), ery-
thromycin (45.2%), and azithromycin (20.5%). In contrast, another study conducted among
Serbian dentists found that 61.4% used clindamycin, followed by azithromycin and ery-
thromycin in 14.6% of cases [32]. Despite these practices among dental professionals,
British guidelines clearly state that the routine prescribing of clindamycin, cephalosporins,
or co-amoxiclav for dental infections is not recommended and should only occur under the
direction of a specialist in oral/medical microbiology or infectious diseases [6].

In this study, 50.9% of Croatian dental practitioners reported observing antibiotic-
related side effects in their patients, compared to 31.3% of Bosnian and 33.6% of Serbian
practitioners. The most commonly reported side effect was diarrhea or abdominal pain,
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affecting 67.0% of Croatian, 41.5% of Bosnian, and 44.9% of Serbian dental practitioners.
Notably, over half of Croatian practitioners (53.0%) identified amoxicillin with clavulanic
acid as the primary cause of these side effects, while 24.4% of Bosnian and 12.4% of Serbian
respondents attributed them to the same antibiotic. These findings highlight that gastroin-
testinal side effects, especially diarrhea and abdominal pain, are frequently associated
with clavulanic acid use [44]. This underscores the importance of awareness among dental
practitioners regarding the potential adverse effects of antibiotics and emphasizes the need
for careful patient monitoring and management.

This study has several limitations that should be considered. First, the data were
obtained through an online cross-sectional survey that relies on participants’ self-reporting
of their knowledge and prescribing practices, which may introduce bias. There is also
a risk of non-response bias, as people with less knowledge about the topic may have
chosen not to participate, which could limit the representativeness of the results. Another
limitation is the relatively small sample size with an uneven distribution of respondents
from each country—most came from Croatia, while Bosnia and Herzegovina had the fewest
participants. There was also a gender imbalance, with more women than men taking
part in the survey. Another major limitation is the respondents’ varying knowledge of
antibiotics and their use in dentistry, which is based on the different clinical guidelines of
their respective institutions. This variability could contribute to discrepancies in responses
and affect the generalizability of the study. These limitations suggest that the results should
be interpreted with caution, and future research should seek a larger and more balanced
sample from each country to ensure broader generalizability and mitigate potential bias.
Another limitation of the study is that the ‘correct’ answers for all questions should be
“yes”. This may lead to an overestimation of respondents’ knowledge and compliance and
highlights the need for a more thorough assessment of actual clinical practice.

The study shows that although dental professionals in the region generally have a good
understanding of the use of antibiotics, there are significant discrepancies between their
theoretical knowledge and their actual prescribing practice. In addition, responses to certain
questions may vary depending on the guidelines with which respondents are familiar,
contributing to these discrepancies. These differences highlight the need for targeted
education programs and awareness campaigns to bridge the gap between knowledge
and behavior and ensure that physicians follow established guidelines. Such initiatives
should focus on both the therapeutic and prophylactic use of antibiotics, dispel common
misconceptions, and promote evidence-based decision-making. In addition, there is a
clear need to develop comprehensive national guidelines for the use of antibiotics in
dentistry in each country. These guidelines would serve to standardize practices, minimize
inappropriate prescribing, and reduce the risk of antibiotic resistance, ultimately leading to
safer and more effective patient care.

4. Materials and Methods
4.1. Study Design and Population

This cross-sectional electronic survey was conducted from 1 June to 30 August 2024, at
the Department of Restorative Dentistry and Endodontics, School of Medicine, University
of Split, Croatia. The data were collected using the Google survey tool (Google Forms,
Google, Mountain View, CA, USA). The authors contacted respondents from Croatia,
Bosnia and Herzegovina, and Serbia via available online email addresses from a Facebook
group “Zubarolozi” (N = 12,900 dentists), invited them to participate in the study, and
provided a link to the survey. Participation in the study was voluntary and anonymous,
and a consent form was provided at the beginning. After the initial invitation, reminder
emails were sent at two-week intervals. Participants were selected using a random sample,
supplemented by a snowball method in which respondents were asked to forward the
survey to interested colleagues.

The minimum necessary sample size (n = 375) was determined utilizing the Sample
Size Calculator (RaoSoft®, Inc., Seattle, WA, USA), an online tool [45]. This calculation
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was based on an estimated population of dentists working in the Croatian, Serbian, and
Bosnian Herzegovinian health systems (NCR = 3982, NBH = 575, NSE = 9412), an expected
response rate of 50%, a confidence level of 95%, and a margin of error of 5% [46–48].

The study’s inclusion criteria encompassed dental practitioners from Croatia, Bosnia
and Herzegovina, and Serbia who were willing and able to complete an online survey and
had at least one year of clinical experience. Exclusion criteria included incomplete question-
naires, retired or non-practicing dental practitioners, and recently graduated dental students.

The study received ethical approval from the appropriate institutional bodies, ad-
hering to all relevant guidelines and regulations, including the World Medical Associ-
ation’s Declaration of Helsinki. The research protocol was reviewed and approved by
the Ethics Committee of the University of Split School of Medicine, Croatia (Reference:
Class: 029-01/24-02/0001, No.: 2181-198-03-04-24-0065) and approved on 6 June 2024.
In writing the scientific paper, the authors followed the CHERRIES checklist and STROBE
guidelines [49,50]. Informed consent was obtained from all participants via an online
consent form embedded in the survey, which also indicated that the survey would take
approximately 15 min to complete and included the number of questions. Participants
were assured that their data would be treated confidentially by the researchers and used
solely to publish the study.

4.2. Questionnaire

The questionnaire was developed and customized using insights from previous re-
search on antibiotic prescribing practices in dental care, as well as contemporary guidelines
on antibiotic use in dentistry [6,8,12,16,17,19–22,35,36]. To ensure content validity, the
survey was thoroughly evaluated by a panel of experts, consisting of two university pro-
fessors specializing in endodontics. After this review, a pilot study was conducted with a
group of 30 dental practitioners to assess the clarity and comprehensibility of the questions.
The pilot study confirmed that the questionnaire was easy to understand, and no further
modifications were necessary. The pilot also determined that completing the survey took
approximately 15 min. Notably, the participants in the pilot study were not included in the
main research sample.

The questionnaire consisted of 70 questions divided into eight sections
(Supplementary File S1). The first part comprised ten questions (Q1–10) that assessed
the demographic and professional characteristics of the participants, as well as the country
in which they practice. The second part with eight questions (Q11–18) presents an overview
of key findings related to self-reported knowledge and prescribing practices concerning
antibiotics in dental medicine, along with the most frequently prescribed antibiotics in
clinical practice. In the third part of the questionnaire, participants answered 11 questions
(Q19–29) to assess their awareness, training, and prescribing practices regarding antibiotics
in dentistry. Possible response options included “Yes” or “No”. In the fourth section,
respondents were asked 18 questions (Q30–47) about antibiotic prescribing patterns for
curative purposes in medically healthy patients. In the fifth section, 13 scenarios on patients
with various conditions were presented (Q48–60), asking respondents whether they would
prescribe antibiotics for prophylactic purposes. In both sections, respondents were offered
the options “Yes” and “No”. In the sixth section, 8 questions with the answer options
“Yes”, “No”, and “I don’t know” were asked to determine knowledge about the use of
antibiotics in dentistry (Q61–68). Respondents were assigned one point for each correct
answer. At the end, the total knowledge score of the participants was calculated. According
to Bloom’s taxonomy of knowledge, we categorized those who scored between 80 and 100%
(6.4 to 8 points) as having “good knowledge”, while those who scored between 60 and 79%
(6.3 to 4.8 points) were labeled as having “moderate knowledge”. Conversely, respondents
who scored less than 60% (0 to 4.7 points) were labeled as having “poor knowledge” [51].
In the seventh section, respondents answered one question (Q69) about the reported side ef-
fects of antibiotic use in their patients, while the final section (Q70) identified the antibiotics
responsible for these effects in their patients.
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4.3. Data Analysis

Data analysis was performed using SPSS Statistics version 26.0 (IBM Corp., Armonk,
NY, USA), with statistical significance set at a p-value of less than 0.05. The normality of
the data was checked using the Kolmogorov–Smirnov test. Descriptive statistics were used
to determine the basic statistical parameters, including mean, standard deviation, median,
minimum, and maximum values. The Mann–Whitney test was used to compare the knowl-
edge values between two groups, while the Kruskal–Wallis test with the corresponding
post hoc analysis was used to compare the mean values between three or more groups.
The differences between respondents in terms of socio-demographic and occupational
characteristics in the different countries were analyzed using the chi-square test.

5. Conclusions

This study revealed that factors such as female gender, specialization in pediatric
dentistry, and practice settings in urban areas were significantly associated with enhanced
antibiotic knowledge among dental practitioners. In contrast, other variables, including
country of practice, education level, years of experience, self-assessed knowledge, frequency
of antibiotic prescriptions, the average duration of antibiotic therapy, and experiences
with side effects, did not exhibit a statistically significant effect on antibiotic knowledge.
Although nearly all respondents stated that they follow the guidelines, the results of
this study indicate that this is not consistently reflected in their practice. These results
emphasize the necessity of developing clear guidelines for antibiotic use, particularly
within primary care settings, across all countries. Furthermore, implementing targeted
educational initiatives to bolster antibiotic awareness among specific demographic and
professional groups within the dental community is crucial for advancing overall antibiotic
stewardship and optimizing patient care.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/antibiotics13111061/s1, Supplementary File S1: Ques-
tionnaire in Croatian and English.
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