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Abstract: Background and Objectives: The inappropriate use of antibiotics can lead to antimicrobial
resistance. Overprescribing in dental practice has been reported. This study aimed to describe
patterns of antibiotic prescription for treating and preventing odontogenic infections based on reports
from Lithuanian dentists. Materials and Methods: Questionnaires were sent to all 4751 Lithuanian
dentists registered in the database of the Lithuanian Dental Chamber who had consented to participate
in surveys. The questionnaire addressed antibiotic prescription preferences for the treatment and
prevention of various dental pathologies. The statistical analysis included chi-square tests and a factor
analysis to evaluate prescription frequences in different clinical scenarios considering the respondents’
specialty and age. Results: Of 647 responses, 497 were from general dentists, 35 from oral surgeons, 40
from endodontists, 20 from periodontists, and 35 from prosthodontists. Respondents were grouped
by age: A (<35 years, n = 207), B (36-50 years, n = 224), and C (>51 years, n = 209). Amoxicillin
was the first-choice antibiotic for 81.1% of respondents (group A more frequently than other groups,
p =0.001). A 7-day treatment duration was preferred by 60.8%, while 33.6% chose 5 days. For patients
allergic to B-lactam antibiotics, 63% preferred clindamycin. Over 90% cited acute apical abscess with
systematic involvement as an indication for antibiotic prescription. A factor analysis of 18 clinical
scenarios revealed prescription differences among dental specialists, oral surgeons, and periodontists
prescribing antibiotics more frequently than general dentists and endodontists. For prophylaxis,
87.5% recommended antibiotics for patients at risk of infectious endocarditis after a cardiologist’s
consultation (group C less frequently than other groups, p = 0.021). Conclusions: Lithuanian dentists
generally prefer narrow-spectrum antibiotics for the treatment of odontogenic infections. There are
notable differences in prescription patterns among dental specialists, with younger dentists showing
a trend towards more rational antibiotic use.

Keywords: antibiotic prescription; dental treatment; survey

1. Introduction

The inappropriate use of antimicrobials, including antibiotics, in humans, animals,
and plants is the main factor contributing to the development of drug-resistant pathogens,
leading to ineffective treatment of infectious diseases [1,2]. High rates of resistance to
currently available antibiotics have been documented in many regions [1]. Ineffective
antimicrobial medicines make infections harder to treat, leading to prolonged illness,
higher healthcare costs, and increased mortality [3]. In 2019, antimicrobial resistance (AMR)
involving a diverse set of pathogens was estimated to be directly responsible for millions
of deaths worldwide [4].
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To address this issue, the World Health Assembly adopted a global action plan on
AMR [5]. This plan aims to enhance public awareness and understanding of AMR, imple-
ment preventive measures against infections, optimize the use of antimicrobials in human
and animal health, and promote sustainable economic practices and the development of
modern technologies in medicine.

Currently, trends in antibiotic consumption are monitored in many countries. The
collected data are reported annually by the Global Antimicrobial Resistance and Use
Surveillance System (GLASS) and the European Surveillance of Antimicrobial Consump-
tion Network [1,2]. These reports show that antibiotic consumption varies significantly
worldwide, with notable differences in antibiotic choice and levels of antimicrobial resis-
tance among countries.

In Lithuania, the AMR burden is the 38th lowest when measured by the age-standardized
mortality rate per 100,000 population associated with AMR across 204 countries [3]. From
2013 to 2022, the overall consumption of antibacterials for systemic use at the community
level remained unchanged [2]. However, the ratio of broad- to narrow-spectrum antibiotic
use in the community sector has shifted significantly, with an increasing trend observed in
nine European Union (EU) countries, including Lithuania [2].

Although most dental diseases are of infectious origin, systemic antibiotic therapy in
dental practice is typically reserved for acute clinical situations involving the spread of in-
flammation in periodontal tissues or mandibular/maxillary bones. Furthermore, antibiotics
are only indicated as an adjunct to definitive treatment in cases when the systemic spread
of odontogenic infection (severe swelling of surrounding tissues or/and elevated body
temperature) is evident [6]. Antimicrobials are not recommended for treatment of chronic
odontogenic infections, periimplantitis, pericoronitis without systemic involvement, or to
prevent pain associated with pulpitis or surgical site infection after uncomplicated tooth
extraction in healthy patients [6-8].

A key question regarding antibiotic therapy is to determine the indications and types
of antibiotics suitable for a particular clinical situation. The literature suggests that dental
practitioners often over-prescribe antibiotics [7]. Survey data from various countries have
shown a lack of knowledge about antimicrobial therapy and prescribing, attributed to both
patient- and clinician-related factors [7,8]. Published data on antibiotic prescribing patterns
among Lithuanian dentists are limited to the treatment of endodontic infections [9,10]. Vari-
ations in antibiotic prescription trends based on years of professional experience have been
observed [9,10]. However, these studies focused exclusively on general dental practitioners.
Moreover, no information on antimicrobial therapy for surgical procedures, such as implant
placement and tooth extraction, is available. The use of antibiotic prophylaxis for dental
procedures in patients with systemic diseases has not been analyzed either.

The purpose of this study was to evaluate antibiotic prescription among Lithuanian
dentists, considering various types of dental pathologies and treatment procedures among
different specialists.

2. Materials and Methods
2.1. Study Sample and Data Collection

A cross-sectional survey was conducted from April 2024 to June 2024 among the
practicing dentists in Lithuania. Bioethics authorization was granted by the Lithuanian
University of Health Sciences Bioethics committee on 23 April 2024 (Certificate No: 2024-
BEC3-T-013). Questionnaires regarding antibiotic prescriptions for various dental and
oral diseases were sent to all 4751 dentists registered at the database of the Lithuanian
Dental Chamber who had consented to take part in professional surveys. Respondents
were contacted by e-mail and invited to anonymously fill in an online questionnaire hosted
on the website https://manoapklausa.lt/ (accessed on 3 May 2024). During the study
period, two reminders were sent out with a two-week interval.
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The required sample size was calculated using the Paniotto Formula [11]. Thus, it was
determined that 647 responses would be sufficient to draw valid conclusions, providing a
5% margin of error with a 95% confidence interval.

2.2. Questionnaire

The questionnaire comprised five questions with multiple-choice answers. The ques-
tionnaire was validated among the employees of the Clinic of Dental and Oral Pathology,
Lithuanian University of Health Sciences, and refined for clarity and scope before distribution.

The questions addressed the respondent’s age, professional specialization, and atti-
tudes regarding antibiotic prescription in clinical practice. Specifically, the respondents
were asked to report their preferred antibiotic, its dosage, treatment duration, and in-
dications for prescribing antibiotics for various odontogenic pathologies and antibiotic
prophylaxis prior to certain dental procedures.

Four questions were structured with a possibility to select multiple answers, while
the fifth question assessed the indications for prescribing antibiotics in 18 specific clinical
scenarios using a five-point Likert scale (always, often, sometimes, seldom, or never). The
respondents were asked to choose the option that best represented their clinical attitude by
selecting only one category for this question (Questionnaire S1).

2.3. Data Analysis

The data were stratified by the age of respondents: group A (<35 years), group
B (36-50 years), and group C (>51 years). The analysis also considered the specialty
(general dentist, endodontist, oral surgeon, periodontist, prosthodontist, and others) of
the respondents.

The statistical analysis involved chi-square tests to assess differences between age
groups and specialties. Due to the significantly higher number of responses from general
dental practitioners compared to other specialists, an additional analysis was conducted
with 69 randomly selected participants from the general practitioners’ group to ensure
reliability of the differences obtained.

A factor analysis was conducted to evaluate the frequency of antibiotic prescriptions
in various clinical situations, considering both the specialty and age of the respondents. The
obtained responses were grouped based on the five-point Likert scale. The factor analysis
used a correlational matrix, with a main component method and VARIMAX rotation
applied. The Kaiser-Meyer—Olkin (KMO) coefficient, which was 0.757, was calculated to
assess the suitability of the matrix for factor analysis.

To evaluate the results of the factor analysis by specialty and age, an independent-
sample Kruskal-Wallis’s test was performed.

3. Results

A total of 647 responses were received out of 4751 questionnaires sent to Lithuanian
dentists, resulting in a response rate of 13.6%. Among the respondents, 497 were general
dental practitioners, 35 were oral surgeons, 40 were endodontists, 20 were periodontists,
35 were prosthodontists, and 20 were other specialists (including pediatric dentists and
orthodontists). Distribution of the respondents did not vary by age and was as follows:
group A, 207; group B, 224; and group C, 209.

Amoxicillin was indicated by the majority of all respondents (81.1%, n = 519) as
the most preferable antibiotic for treatment of odontogenic infections in patients without
allergies to 3-lactam antibiotics. The second choice was amoxicillin with clavulanic acid
(52.6%, n = 333), with more than half of the respondents reporting that they prescribed
this antibiotic.

The distribution of the responses regarding antibiotic choice for odontogenic infections
with respect to dental specialty is presented in Table 1.
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Table 1. Antibiotic choice for treatment of odontogenic infection as reported by Lithuanian dentists

by their specialties.
. . . . Of All
Antibiotic General Oral Surgeon Endodontist Periodontist Prosthodontist Other Respondents
Dentist % (n) % (n) % (n) % () % () % (n) A
Amoxicillin 82.3 (409) 74.3 (26) 80 (32) 75 (15) 80 (28) 75 (15) 81.1 (525)
Amoxicillin with
clavulanic acid 52.3 (260) 60 (21) 47.5(19) 55 (11) 60 (21) 40 (8) 52.6 (340)
Clindamycin 2.4(12) 57()® 5(2)? 30 (6) P 8.6 (3)¢ 0(0)* 3.9 (25)
Doxycycline 1.6 (8) 57(2)? 0(0) 0(0)® 29(1)? 10(2)b 2(13)
Azithromycin 2.4 (12) 143 (5) 2 0(0) 10(2)? 29(1)P 0(0)° 3.1 (20)
Metronidazole 2.4 (12) 5.7 (2) 0(0) 30(6) ® 2.9 (1) 2.9 (1) 3.2(21)
Cefuroxime 0.4 (2) 114 (4)2 0(0) 0(0)P 29(1)P 10 (2) @ 1.4 (9)

Within the same row, values with different superscript letters are significantly different and values with no
superscript letters are statistically different from those with superscript letters (p < 0.05). Values with the same
superscript letters do not differ from each other; values without superscript letters do not differ from each other.

No significant differences between different specialists concerning the reported pref-
erences of amoxicillin and amoxicillin with clavulanic acid for treatment of odontogenic
infections were observed. Although other types of antibiotics were reported as being
prescribed less frequently, clindamycin and metronidazole were mentioned significantly
more often (p < 0.05) by periodontists (30%, n = 6) as compared to all other specialists.
Azithromycin was prescribed more often by oral surgeons and periodontists than by other
dentists. Additionally, 11.4% (n = 4) of oral surgeons indicated cefuroxime as their antibiotic
of choice, while there were nearly no reports about it in other groups of specialists (Table 1).

A comparison of the results by the respondents’ age revealed significant differences in
the prescriptions of amoxicillin and doxycycline. Specifically, dentists older than 35 years
prescribed amoxicillin significantly less often (p = 0.001) compared to their young col-
leagues. Conversely, practitioners older than 50 years reported prescribing doxycycline
more frequently than other respondents (p = 0.001) (Table 2).

Table 2. Distribution of antibiotic choice as reported by Lithuanian dental practitioners by age group.

Age Groups
Antibiotic A (<35 Years) B (36-50 Years) C (>51 Years) o
% (n) % () % () Total % (n)
Amoxicillin 90.3 (187) @ 79.9 (179) 73.2 (153) 81.1 (519)
‘iﬁ%ﬁﬁl;ﬂh 522 (108) 504 (113) 53.6 (112) 52 (333)

Clindamycin 29 (6) 3.1(7) 5.3 (11) 3.8 (24)
Doxycycline 0.5 (1) 0.4 (1) 4.8(10)2 1.9 (12)
Azithromycin 3.9(8) 22 (5) 29 (6) 3(19)
Metronidazole 1.9 4) 3.6 (8) 3.3(7) 3(19)

Cefuroxime 1.0 (2) 1.3 (3) 1.4 (3) 1.3 (8)

3—Statistically significantly different from the other two age groups (p < 0.05).

An analysis of the data regarding the usually selected dosage of the preferred an-
tibiotics indicated that amoxicillin 1000 mg twice per day and amoxicillin/clavulanate
875 + 125 mg twice per day were chosen by 70.2% (n = 454) and 46.2% (n = 299) of all
respondents, respectively. Although amoxicillin 500 mg three times per day was chosen
by a small number of the respondents (n = 82), this dose was preferred significantly more
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often by endodontists (32.5%, n = 13) and periodontists (35%, n = 7) compared to other
dental specialists (p = 0.001).

A seven-day course of antimicrobial treatment was preferred by 60.6% (n = 392) of
all respondents, while 33.4% (n = 216) preferred a five-day course. Endodontists reported
prescribing a seven-day course significantly less frequently, while oral surgeons preferred
it more often than other dental specialists (p < 0.05). Additionally, endodontists and
prosthodontists indicated a preference for a five-day course more often, whereas periodon-
tists and oral surgeons prescribed this less frequently than other groups (p < 0.05). The
option of prescribing antibiotics until symptoms disappear was preferred by 10% (n = 4) of
endodontists and significantly less by other specialists (Table 3).

Table 3. Distribution of the preferences regarding duration of antimicrobial treatment as reported by
Lithuanian dentists by their specialties.

Oral Surgeon Endodontist Periodontist Prosthodontist Other Reso(fn[:;lnts
Dentist % (n) % (n) % (n) % (n) % (n) % (n) A
3 days 0.0 (0) 2.5(1) 5.0 (1) 0.0 (0) 0.0 (0) 0.9 (6)
5 days 33.2 (165) 229 (8) 2 425(17)"b 20.0 (4) 2 37.1(13)P 45.0 (9) b 33.4 (216)
7 days 61.8 (307) @ 68.6 (24) P 45.0 (18) 60.0 (12) @ 57.1(20)2  55.0(11)2 60.6 (392)
10 days 29(1)2 0.0 (0) 15.0 (3) P 0.0 (0) 0.0 (0) 2.3 (15)
Until symptoms 5.7 (2) 10.0 (4)2 0.0 (0) 5.7 (2) 0.0 (0) 2.8 (18)

disappear

Within the same row, values with different superscript letters are significantly different and values with no
superscript letters are statistically different from those with superscript letters (p < 0.05). Values with the same
superscript letters do not differ from each other; values without superscript letters do not differ from each other.

Dentists younger than 36 years preferred the seven-day course of antimicrobial treat-
ment significantly more often and the five-day course significantly less often compared to
their older colleagues (Table 4).

Table 4. Distribution of the preferences regarding duration of antimicrobial treatment as reported by
Lithuanian dentists by age groups.

Antimicrobial Age Group
Treatment A (<35 Years) B (36-50 Years) C (>51 Years) Total % (n)
Duration % (n) % (n) % (n) ol
3 days 1.4 (3) 0.0 (0) 1.4 (3) 0.9 (6)
5 days 21.3 (44) 2 32.6 (73) 46.9 (98) 33.6 (215)
7 days 729 (151)2 62.5 (140) 46.9 (98) 60.8 (389)
10 days 1.9 (4) 0.9 (2) 3.3(7) 2 (13)
Until symptoms
dismpptar 2.4 (5) 4.0 (9) 1.4 (3) 2.7 (17)

3—Statistically significantly different from the other two age groups (p < 0.05).

Clindamycin was the most preferred antibiotic for the treatment of odontogenic infec-
tions in patients with allergies to penicillin (3-lactam antibiotics). More than half (62.6%,
n = 405) of all respondents reported prescribing clindamycin. Although other types of an-
tibiotics were reported as being prescribed less frequently than clindamycin, erythromycin
was chosen significantly more often by oral surgeons and prosthodontists compared to
other dental specialists (p < 0.05) (Table 5). In addition, 7.6% (n = 57) of all respondents
reported prescribing various other antibiotics for patients with 3-lactam allergies. Among
these, 3.5% (n = 2) indicated doxycycline, 8.9% (n = 5) indicated cefuroxime, and 5.3% (n = 3)
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indicated lincomycin. The remaining respondents either did not know which antibiotic to
prescribe or chose to consult a general physician.

Table 5. Distribution of antibiotic choice for patients allergic to 3-lactam antibiotics as reported by
Lithuanian dentists categorized by their specialties.

Antibiotic General Dentist Oral Surgeon Endodontist  Periodontist Prosthodontist Other Total
% (n) % (n) % (n) % (n) % (n) % (n)
Clindamycin 60.0 (21) 70.0 (28) 65.0 (13) 65.7 (23) 80.0 (16)  62.6 (405)
Azithromycin 25.7 (9) 15.0 (6) 15.0 (3) 229 (8) 10.0 (2) 17.2 (111)
Metronidazole 29 (1) 2.5(1) 5.0 (1) 8.6 (3) 15.0 (3) 8.0 (52)
Erythromycin 28.6 (10) @ 7.5 (3) 5.0(1) 229 (8)? 10.0 (2) 15.1 (98)
Tetracycline 5.7 (2) 0.0 (0) 5.0 (1) 8.6 (3) 0.0 (0) 4.2 (27)

2—Statistically significantly different from the other specialists (p < 0.05).

The data analysis revealed that dentists younger than 36 years prescribed clindamycin
significantly more often than those in other age groups (p = 0.001) (Table 6). In contrast,
azithromycin was significantly more preferred by dentists in groups B and C compared to
those in group A (p < 0.05). Tetracycline was chosen by 4.1% (n = 26) of all respondents
and significantly more often by dentists older than 51 years compared to other age groups
(p =0.001).

Table 6. Distribution of antibiotic choice for patients allergic to 3-lactam antibiotics as reported by
Lithuanian dentists categorized by age groups.

Age Group
Antibiotic A (<35 Years) B (36-50 Years) C (>51 Years) Total % (n)
% (n) % (n) % (n)

Clindamycin 74.4 (154) 2 65.2 (146) 47.8 (100) 62.5 (400)
Azithromycin 13.0 27) @ 17.0 (38) 21.1 (44) 17 (109)
Erythromycin 12.6 (26) 15.2 (34) 17.2 (36) 15 (96)
Metronidazole 8.7 (18) 7.1 (16) 8.1(17) 8 (51)

Tetracycline 1.9 (4) 22 (5) 8.1(17)2 4.1 (26)

2—Statistically significantly different from the other two age groups (p < 0.05).

The distribution of the responses regarding antibiotic prescription for specific clinical
scenarios in dental pathology and treatment procedures is presented in Figure 1.

Over 90% (n = 624) (87.5% always, 7.4% often) of all respondents reported prescribing
antibiotics in cases of acute apical abscess with systemic involvement (elevated body
temperature > 38 °C, lymphadenopathy), and 85.3% (n = 552) always prescribed antibiotics
in cases of rapidly progressing (within 24 h) infection.

More than 70% (n = 448) of respondents (51.3% always, 24.1% often) prescribed
antibiotics for the treatment of acute apical abscess in immunocompromised patients.
About one-third (29.8%, n = 193) of all respondents considered prescribing antibiotics in
cases of avulsion and 15.9% (n = 103) and 20.4% (n = 141) did so before and after dental
implantation procedures.

Symptomatic irreversible pulpitis and pulp necrosis were reported as indications
for antibiotic therapy by less than 5% (n = 12) of all respondents. The attitudes of the
dental practitioners regarding antibiotic prescription in cases of tooth extraction, pericoro-
nitis, incision procedures, symptomatic apical periodontitis, and chronic apical abscess
varied widely, with less than 35% of all respondents never prescribing antibiotics in these
clinical situations.
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After dental extraction

Pericoronoritis

Constant exudation during treatment
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Postoperative pain
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Avulsion
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Figure 1. Prescription of antibiotics according to the type of dental pathology and particular dental

procedures, as reported by Lithuanian dentists.

Based on the factor analysis, the responses were grouped into six factors based on the

frequency of answers:

Factor one: Symptomatic irreversible pulpitis, pulp necrosis, postoperative pain,
perforation of the root, and constant exudation from root canals during endodon-
tic treatment.

Factor two: Chronic apical abscess, acute apical abscess without systemic involvement,
and symptomatic apical periodontitis.

Factor three: Routine prophylaxis before and after implantation.

Factor four: Acute apical abscess in cases of immune suppression and acute apical
abscess with systemic involvement and rapidly progressing (within 24 h) infection.
Factor five: Pericoronitis post-tooth extraction and post-incision.

Factor six: Avulsion and dental trauma.

The factor analysis of the eighteen clinical scenarios presented in the questionnaire

(question 5) showed that oral surgeons reported prescribing antibiotics for clinical situations
assigned to factor 1 less frequently than general dentists, endodontists, and prosthodontists,
while periodontists did it less frequently than general dentists (Figure 2).

In clinical situations assigned to factor 3, oral surgeons and periodontists reported

prescribing antibiotics significantly more often than general dentists and endodontists.
Prosthodontists prescribed antibiotics more frequently than endodontists but less frequently
than oral surgeons (Figure 2).
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Figure 2. Factor analysis of antibiotic prescription in particular clinical situations by dental specialties:
a—value significantly different from general dentists; b—value significantly different from oral
surgeons; c—value significantly different from endodontists; d—value significantly different from
periodontists; e—value significantly different from prosthodontists (p < 0.05).

In clinical situations assigned to factor 5, endodontists prescribed antibiotics signifi-
cantly less frequently than general dentists, periodontists, and oral surgeons. Conversely,
oral surgeons prescribed antibiotics more often than other specialists, except for periodontists.

No significant differences were observed in antibiotic prescriptions across dental
specialties for clinical situations associated with factors 2, 4, and 6. When evaluating
antibiotic prescription frequency in relation to respondents’ age, significant differences
were observed for factors 1, 3, and 4 (Figure 3).

Thus, dentists older than 51 years prescribed antibiotics more frequently in clinical
situations assigned to factor 1 and less frequently in situations assigned to factor 4 compared
to their younger colleagues. Dentists aged 36-50 years reported prescribing antibiotics
significantly more often than other age groups in cases assigned to factor 3. No significant
differences were observed for other factors with respect to the respondents’ age.

Regarding antibiotic prophylaxis administered for dental procedures, most dentists
prescribed antibiotics in cases of immune suppression due to systemic pathology when
recommended by a treating physician and for patients at risk for infectious endocarditis
(IE) after a consultation with a cardiologist (76% (n = 492) and 87.5% (n = 566), respectively).
(Table 7).

Oral surgeons prescribed antibiotics for patients who have undergone arthroplasty
within 3 months significantly more often than other specialists. Similarly, oral surgeons and
periodontists prescribed antibiotics significantly more frequently than other dental practi-
tioners for patients undergoing radiotherapy and intravenous bisphosphonate treatment
(p <0.05).
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Figure 3. Factor analysis of antibiotic prescription in specific clinical situations by respondents’ age
groups: a—significantly different from age group A; b—significantly different from age group B
(p <0.05).
Table 7. Antibiotic prophylaxis administered for dental procedures as reported by Lithuanian dental
practitioners categorized by specialties.
Gene_ral Oral Endodontist  Periodontist Prosthodontist Other Of All
Pathology Dentist Surgeon o o o o Respondents
% (n) % (n) % (n) % (n)
% (n) % (n) % (n)
Immune suppression
due to systemic
pathology when 74.8 (372)  85.7 (30) 77.5 (31) 90.0 (18) 77.1 (27) 70.0 (14) 76.0 (492)
recommended by
physician
Patients at risk of IE
after consultation with ~ 86.3 (429)  94.3 (33) 95.0 (38) 100.0 (20) 85.7 (30) 80.0 (16) 87.5 (566)
cardiologist
Patients who have
undergone arthroplasty ~ 46.3 (230) 71.4(25)? 50.0 (20) @ 60.0 (12) @ 429 (15) 60.0 (12) @ 48.5% (314)
within 3 months
Patients in need of head a b a a
and neck radiotherapy 20.7 (103)  51.4(18) 30.0 (12) 55.0 (11) 25.7 (9) 35.0 (7) 24.7 (160)
Patients in need of 199(99) 57.1(20)a  37.5(15)2 55.0 (1) @ 2007)°  200@4)°P  24.1(156)

bisphosphonate therapy

Within the same row, values with different superscript letters are significantly different and values with no
superscript letters are statistically different from those with superscript letters (p < 0.05). Values with the same
superscript letters do not differ from each other; values without superscript letters do not differ from each other.

The older respondents (group C) prescribed antibiotics for prophylaxis during dental
procedures significantly less frequently than their younger colleagues. This included
prescriptions for patients with immune suppression due to systemic pathology when
recommended by a physician, for patients at risk of IE, and for those after arthroplasty
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within the last three months (p < 0.05). Additionally, group B prescribed antibiotics for
patients after arthroplasty within the last 3 months significantly less frequently than group
A (p =0.001) (Table 8).

Table 8. The profile of antibiotic prophylaxis according to respondents’ age groups.

Age Groups
Pathology A (>35Years) B (36-50 Years)  C (<51 Years) Total % (n)
% (n) % (n) % (n)

Immune suppression due to systemic pathology a
when recommended by physician 82.6 (171) 77.7 (174) 67.9 (142) 76.1 (487)
Patients at risk of IE 'after’consultatlon with 90.3 (187) 89.7 (201) 82.3 (172) 2 87.5 (560)

cardiologist

Patients who have undergone arthroplasty within b a
3 months 61.4 (127) 50.4 (113) 33.0 (69) 48.3 (309)
Patients in need of head and neck radiotherapy 32.4(67) 26.8 (60) 13.4 (28) 2 24.4 (155)
Patients in need of bisphosphonate therapy 26.6 (55) 26.8 (60) 17.7 (37) 2 23.8 (152)

Within the same row, values with different superscript letters are significantly different and values with no
superscript letters are statistically different from those with superscript letters (p < 0.05). Values with the same
superscript letters do not differ from each other; values without superscript letters do not differ from each other.

4. Discussion

The World Health Organization recommends that antimicrobial treatments be evidence-
based, using the narrowest spectrum of antibiotics, an appropriate dosage, minimal effective
duration of therapy, and preferably a single antibiotic guided by microbiology [1].

The present survey revealed that the Lithuanian dentists most commonly prescribed
amoxicillin or amoxicillin/ clavulanate for treatment of odontogenic infections. This practice
aligns with clinical recommendations [6,12,13] and reflects a global trend in antibiotic
prescription by dentists [14—20]. Interestingly, the pattern of antibiotic prescribing among
Lithuanian dentists has remained consistent over the past 13 years, as similar preferences
were reported in previous surveys conducted in Lithuania [9,10]. Unlike some countries
where broader-spectrum amoxicillin/clavulanate is preferred, Lithuanian dentists indicated
amoxicillin as the first-choice antibiotic for treatment of dental infections [14,16,19,21]. The
present study demonstrated that clindamycin, metronidazole, and azithromycin, although
rarely prescribed in dental practice, were chosen more frequently by oral surgeons and
periodontists than by other dental specialists. The choice of less common antibiotic types
could possibly be dictated by specific infection types in periodontology and oral surgery.

Age-related differences in antibiotic preferences were observed. For example, doxycy-
cline, a broad-spectrum antibiotic, was indicated by 5% of the dentists older than 50 years,
while it was rarely reported among younger groups. Although preferences for amoxi-
cillin/clavulanate choice did not differ between three age groups of the respondents, the
younger dentists preferred the narrow-spectrum amoxicillin significantly more frequently.
This trend mirrors the findings in Lithuania from four years ago but contrasts with a previ-
ous survey 13 years ago, where prescriptions of broader-spectrum antibiotics by younger
dentists were reported [9,10]. Amoxicillin and amoxicillin/clavulanate are classified as “Ac-
cess” group antibiotics according to the WHO AWaRe classification and are recommended
to make up at least 65% of all antibiotic consumption at the country level [1,2]. Lithuania
meets this criterion, with “Access” antibiotics comprising over 69% of total consumption
since 2019 [2]. Considering that the prescription of antibiotics in dentistry constitutes a
significant part of antibiotic consumption in medicine, the observed prescribing patterns
among Lithuanian dentists likely contribute to the national antibiotic consumption.

Clindamycin was the most preferable antibiotic for patients allergic to penicillin-group
antibiotics, consistent with recommendations [6,12,13] and international practices [14-20].
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Most respondents preferred 1000 mg of amoxicillin or 875/125 mg of amoxicillin/
clavulanate twice per day. Interestingly, there was a tendency to prescribe smaller doses of
amoxicillin (500 mg) three times per day among endodontists and periodontologists, possi-
bly following the recommendations of the European Society of Endodontology (ESE) [6].

The survey found that 61% of respondents preferred a 7-day course of antibiotics,
while one-third preferred a 5-day course. This suggests that Lithuanian dentists may
not fully adhere to recommendations for the shortest effective antimicrobial treatment
duration [6,22]. Similar trends toward longer-course prescriptions have been observed
in a few other countries as well [14,19]. The overuse of antibiotics is a major factor in
resistance development, which correlates with exposure duration [22]. Furthermore, there is
increasing evidence that the development of antibiotic resistance directly correlates with the
duration of exposure [22]. Based on the present survey, endodontists and prosthodontists
tend to prescribe antibiotics for a shorter period of time than other dentists. The trend
toward a shorter course of antibiotic therapy was also observed among older respondents
compared to their younger colleagues. It could be speculated that more severe infections
encountered in oral surgery have influenced the choice to prescribe longer courses of
antimicrobial treatment.

An important aspect in antimicrobial therapy is to avoid prescriptions of antibiotics in
the absence of clinical indications. The survey indicates that Lithuanian dentists generally
prescribe antibiotics appropriately for endodontic infections. Most dentists, regardless
of their specialty, prescribe antibiotics only in cases of acute apical abscess with systemic
involvement and rapidly progressing (within 24 h) infection. Such an attitude aligns with
the ESE guidelines regarding the use of antibiotics in endodontics [6]. Nearly no reports
about the need for antimicrobial treatment of symptomatic pulpitis and pulp necrosis were
observed, in contrast to the results of a few surveys in other countries where such a tendency
was reported [14,16,19]. Nevertheless, some knowledge gaps regarding indications for
antibiotic therapy in the case of endodontic infection were observed. More than 60% of
the respondents reported prescribing antibiotics in cases of chronic apical abscess and
symptomatic apical periodontitis, although these diseases are not considered an indication
for antibiotic therapy [6]. As the definition of chronical apical abscess does not exist in the
Lithuanian classification of endodontic pathology, it could be erroneously interpreted as
acute abscess and, therefore, lead to inappropriate treatment choice. Thus, careful revision
of the local classifications of dental pathologies and their correlation with the international
classification can be recommended.

Antibiotic prescribing practices varied among Lithuanian dentists for surgical inter-
ventions such as tooth extraction, incision, and implantation. Only 4% of the respondents
prescribed antibiotics routinely after tooth extraction, while 70% did so seldomly or some-
times. It is important to note that the questionnaire did not allow the respondents to specify
the clinical situations leading to tooth extraction; therefore, the obtained responses were
rather general. The evidence regarding indications for antibiotics to prevent the risk of
infection after tooth extraction is mixed, with some studies reporting reducing the infection
risk [23] and others finding no additional benefits of antibiotics in healthy patients [24].
Obviously, extractions of teeth can be performed for various reasons and are related to the
varying magnitude of the infection risk (e.g., extraction of impacted wisdom teeth, simple
extraction due to caries or periodontal diseases in healthy people or in those with systemic
pathology, number of teeth extracted during one visit, etc.). Moreover, the standard proto-
cols of antibiotic prescription (before or after tooth extraction) could vary as well [25]. Thus,
the data regarding antibiotic prescription for tooth extraction should always be interpreted
in relation to the main diagnosis and clinical situation rather than to the intervention itself.

For pericoronitis, despite no option for systemic involvement in the questionnaire,
many dentists still prescribed antibiotics, reflecting global trends [8,15,16]. Regarding
dental implantations, 16% of Lithuanian dentists prescribed antibiotics before implantation
and 20% after, consistent with international practices but with varying evidence for its
efficacy [20,26]. Khouly et al. (2019) [26], based on a meta-analysis of 10 long-term clinical
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studies, concluded that antibiotic prophylaxis did not reduce the postoperative pain and
infection risk and therefore was not necessary for the prevention of implant failure in
healthy patients. In contrast, another meta-analysis [20] found sufficient evidence to suggest
that a single-dose antibiotic prescribed preoperatively may reduce the occurrence of implant
failures. The only clinical recommendations available in the world suggest prescribing
2 or 3 g of amoxicillin 1 h before the placement of dental implants without anatomical
constraints, i.e., without the need to perform simultaneously regenerative procedures,
in healthy patients, although non-prescription in certain cases could not be considered
a wrong approach either [12]. Again, an analysis of the preventive antibiotic treatment
should always be performed with caution, taking the individual patient characteristics as
well as the need for additional interventions, such as regenerative surgery, into account.
The respondents in the present survey did not have an option to evaluate clinical situations
of implantation procedures, as the questions were focused exceptionally on the course
(before or after implantation) of antibiotic therapy:.

In dental trauma, the scientific evidence about the benefits of systemic antibiotics after
replantation of the avulsed teeth is limited [27]. While over 50% of the Lithuanian dentists
reported never prescribing antibiotics for tooth avulsion, about 20% did so routinely.
In comparison, almost half (49%) of Italian dental practitioners prescribed antibiotics for
replantation of the avulsed permanent teeth [28]. Such variations in antimicrobial treatment
decisions can be associated with different recommendations published internationally.
Thus, the International Association of Dental Traumatology recommends the use of systemic
antibiotics after replantation of the avulsed teeth to prevent infection-related reactions and
to reduce the risk of inflammatory root resorption [27], while the international guidelines
for antimicrobial prescribing in dentistry suggest that antibiotics should not be considered
routinely for avulsed teeth without signs of systemic infection due to the lack of scientific
evidence [13].

According to the present survey, the knowledge of Lithuanian dentists regarding
antibiotic prophylaxis administered before dental procedures is appropriate regarding
patients with immune suppression due to systemic pathology or at risk of IE. The analysis
of other indications for antibiotic prophylaxis showed that oral surgeons and periodontolo-
gists prescribed antibiotics in particular clinical situations (in patients undergoing head and
neck radiotherapy or bisphosphonate therapy or in patients after arthroplasty) more often
than any other dentists, possibly due to the higher frequency of such patients in oral surgery
departments. Furthermore, the knowledge regarding antibiotic prophylaxis was related to
the years after graduation of university, as older dentists reported prescribing antibiotic
prophylaxis during dental procedures significantly less often than their younger colleagues.
Similar patterns were observed in other published studies, showing that increasing age and
time spent in practice could have a negative impact on the knowledge of respondents [29].

The factor analysis performed in this study demonstrated that oral surgeons and
periodontists prescribed antibiotics more frequently than general dentists and endodontists
before and after implantation procedures as well as in cases of pericoronitis, after tooth
extraction, and after incision. Obviously, these results could be explained by the fact that
implantation and other surgical procedures are part of routine practice in oral surgery and
periodontology. On the contrary, oral surgeons reported prescribing antibiotics for some
clinical situations related to endodontic treatment significantly less frequently than general
dentists, endodontists, and prosthodontists, most likely because they did not perform
endodontic treatment at all. Similarly, the data analysis with respect to the respondents’ age
showed that the middle-age dentists (36-50 years) dominated among the respondents who
prescribed antibiotics for implantation procedures, possibly due to the fact that implantation
was performed most commonly by the dental professionals in this age group.

The small sample of dental specialists can be considered the main limitation of this
survey. In order to perform comparisons, an additional analysis was performed using a
selected group of general dentists, which allowed us to make assumptions regarding the
prescription of antibiotics in different dental specialties. Another limitation of this survey
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is that some questions presented in the questionnaire were insufficiently detailed to obtain
a clear answer, as discussed above in this manuscript. Therefore, the reported indications
for antibiotic prescription in certain clinical situations should be interpreted with caution,
and only trends could be discovered.

5. Conclusions

In conclusion, Lithuanian dentists generally adhere to the international recommen-
dations for the use of antibiotics. The observed differences in the prescription patterns
between different dental specialists can be attributed to the specific characteristics of dental
pathology and guidelines provided by professional organizations. There is a tendency
toward more rational use of antibiotic therapy among younger dentists, indicating the need
for sharing the current knowledge about antimicrobial treatment in all dental communities.
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/ /www.mdpi.com/article/10.3390 /medicina60111745/s1, Questionnaire S1: Antibiotics prescription
for treatment and prevention of odontogenic infections.

Author Contributions: Conceptualization, N.S. and V.M.; methodology, N.S., R.V. and V.M.; valida-
tion, R.V. and L.S.; formal analysis, L.S.; resources, V.B.; data curation, L.S.; writing—original draft
preparation, N.S. and L.S.; writing—review and editing, N.S., R.V,, V.B. and V.M. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this survey by
the Lithuanian University of Health Sciences Bioethics committee on 23 April 2024 (Certificate No:
2024-BEC3-T-013).

Informed Consent Statement: Dentists registered at the database of the Lithuanian Dental Chamber
who had consented to take part in professional surveys were involved in this anonymous survey.

Data Availability Statement: The datasets analyzed during the study are available from the corre-
sponding author upon reasonable request.

Acknowledgments: The authors express their gratitude to Irena Nedzelskieneé for her invaluable
contribution in performing the statistical analysis of the data.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  WHO. Global Antimicrobial Resistance and Use Surveillance System (GLASS). Global Antimicrobial Consumption Data. Available on-
line: https:/ /worldhealthorg.shinyapps.io/glass-dashboard /_w_7976fd3f/_w_64al7ca3/#!/amc (accessed on 10 October 2024).

2. Antimicrobial Consumption in the EU/EEA—Annual Epidemiological Report. 2022. Available online: https://www.ecdc.europa.
eu/en/publications-data/downloadable-tables-antimicrobial-consumption-annual-epidemiological-report-2022 (accessed on 10
October 2024).

3. World Health Organization. Antimicrobial Resistance Surveillance in Europe 2022—-2020 Data; World Health Organization: Geneva,
Switzerland, 2022.

4. Murray, CJ.; Ikuta, K.S,; Sharara, F,; Swetschinski, L.; Aguilar, G.R.; Gray, A.; Han, C.; Bisignano, C.; Rao, P.; Wool, E.; et al. Global
burden of bacterial antimicrobial resistance in 2019: A systematic analysis. Lancet 2022, 399, 629-655. [CrossRef] [PubMed]

5. World Health Organization. Global Action Plan on Antimicrobial Resistance; World Health Organization: Geneva, Switzerland, 2015.

6. Segura-Egea, ].].; Gould, K.; Hakan Sen, B.; Jonasson, P.; Cotti, E.; Mazzoni, A.; Sunay, H.; Tjaderhane, L.; Dummer, PM.H.
European Society of Endodontology position statement: The use of antibiotics in endodontics. Int. Endod. ]. 2018, 51, 20-25.
[CrossRef] [PubMed]

7. Contaldo, M.; D’Ambrosio, E; Ferraro, G.A.; Di Stasio, D.; Di Palo, M.P,; Serpico, R.; Simeone, M. Antibiotics in Dentistry: A
Narrative Review of the Evidence beyond the Myth. Int. ]. Environ. Res. Public Health 2023, 20, 6025. [CrossRef]

8. Schmidyt, J.; Kunderova, M.; Pilbauerova, N.; Kapitan, M. A Review of Evidence-Based Recommendations for Pericoronitis
Management and a Systematic Review of Antibiotic Prescribing for Pericoronitis among Dentists: Inappropriate Pericoronitis
Treatment Is a Critical Factor of Antibiotic Overuse in Dentistry. Int. |. Environ. Res. Public Health 2021, 18, 6796. [CrossRef]
[PubMed]

9. Skucaité, N.; Pe¢iuliené, V.; Manelieng, R.; Maciulskiené, V. Antibiotic prescription for the treatment of endodontic pathology: A

survey among Lithuanian dentists. Medicina 2010, 46, 806-813. [CrossRef]


https://www.mdpi.com/article/10.3390/medicina60111745/s1
https://www.mdpi.com/article/10.3390/medicina60111745/s1
https://worldhealthorg.shinyapps.io/glass-dashboard/_w_7976fd3f/_w_64a17ca3/#!/amc
https://www.ecdc.europa.eu/en/publications-data/downloadable-tables-antimicrobial-consumption-annual-epidemiological-report-2022
https://www.ecdc.europa.eu/en/publications-data/downloadable-tables-antimicrobial-consumption-annual-epidemiological-report-2022
https://doi.org/10.1016/S0140-6736(21)02724-0
https://www.ncbi.nlm.nih.gov/pubmed/35065702
https://doi.org/10.1111/iej.12781
https://www.ncbi.nlm.nih.gov/pubmed/28436043
https://doi.org/10.3390/ijerph20116025
https://doi.org/10.3390/ijerph18136796
https://www.ncbi.nlm.nih.gov/pubmed/34202699
https://doi.org/10.3390/medicina46120113

Medicina 2024, 60, 1745 14 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Mende, A.; Venskutonis, T.; Mackeviciute, M. Trends in Systemic Antibiotic Therapy of Endodontic Infections: A Survey among
Dental Practitioners in Lithuania. J. Oral Maxillofac. Res. 2020, 11, e2. [CrossRef]

Kardelis, K. Moksliniy Tyrimy Metodologija ir Metodai, 3rd ed.; Mokslo ir Enciklopediju Leidybos Centras: Vilnius, Lithuania, 2016;
pp. 115-116.

Salgado-Peralvo, A.-O.; Garcia-Sanchez, A.; Kewalramani, N.; Barone, A.; Martinez-Gonzalez, J.-M.; Velasco-Ortega, E.; Lopez-
Lépez, |.; Kaiser-Cifuentes, R.; Guerra, F.,; Matos-Garrido, N.; et al. Consensus Report on Preventive Antibiotic Therapy in Dental
Implant Procedures: Summary of Recommendations from the Spanish Society of Implants. Antibiotics 2022, 11, 655. [CrossRef]
Palmer, N. (Ed.) Antimicrobial Prescribing in Dentistry: Good Practice Guidelines, 3rd ed.; Faculty of General Dental Practice (UK)
and Faculty of Dental Surgery: London, UK, 2020; pp. 65-100.

Silva, M.; Paulo, M.; Cardoso, M.; Martins, M.; Noites, R. The Use of Systemic Antibiotics in Endodontics: A Cross-Sectional
Study. Rev. Port. Estomatol. Med. Dent. Cir. Maxilofac. 2017, 58, 205-211. [CrossRef]

Baudet, A.; Kichenbrand, C.; Pulcini, C.; Descroix, V.; Lesclous, P.; Thilly, N.; Clément, C.; Guillet, ]. Antibiotic use and resistance:
A nationwide questionnaire survey among French dentists. Eur. J. Clin. Microbiol. Infect. Dis. 2020, 39, 1295-1303. [CrossRef]
Bjelovucic, R.; Par, M.; Rubcic, D.; Marovic, D.; Prskalo, K.; Tarle, Z. Antibiotic prescription in emergency dental service in Zagreb,
Croatia—A retrospective cohort study. Int. Dent. J. 2019, 69, 273-280. [CrossRef]

Salgado-Peralvo, A.O.; Kewalramani, N.; Pérez-Jardon, P.; Pérez-Sayédns, M.; Mateos-Moreno, M.V.; Arriba-Fuente, L. Antibiotic
prescribing patterns in the placement of dental implants in Europe: A systematic review of survey-based studies. Med. Oral Patol.
Oral Cir. Bucal. 2024, 29, e441-e450. [CrossRef] [PubMed]

Teoh, L.; Stewart, K.; Marino, R.; McCullough, M. Antibiotic resistance and relevance to general dental practice in Australia. Aust.
Dent. J. 2018, 63, 414-421. [CrossRef] [PubMed]

Licata, F.; Di Gennaro, G.; Cautela, V.; Nobile, C.G.A.; Bianco, A. Endodontic Infections and the Extent of Antibiotic Overprescrip-
tion among Italian Dental Practitioners. Antimicrob. Agents Chemother. 2021, 65. [CrossRef]

Kim, A.; Abdelhay, N.; Levin, L.; Walters, ].D.; Gibson, M.P. Antibiotic prophylaxis for implant placement: A systematic review of
effects on reduction of implant failure. Br. Dent. J. 2020, 228, 943-951. [CrossRef]

Suresan, V.; Das, S.; Verma, RK.; Dash, B.; Banka, A.; Suresh, A. Antibiotic Prescribing Practices amongst the Dental Practitioners
of Bhubaneswar City: A Cross-sectional Study. World J. Dent. 2022, 13, 520-526.

Llewelyn, M.].; Fitzpatrick, ].M.; Darwin, E.; Gorton, C.; Paul, J.; Peto, T.E.; Yardley, L.; Hopkins, S.; Walker, A.S. The antibiotic
course has had its day. BMJ 2017, 358, j3418. [CrossRef]

Menon, R K.; Gopinath, D.; Li, K.Y.; Leung, Y.Y.; Botelho, M.G. Does the use of amoxicillin/amoxicillin—clavulanic acid in third
molar surgery reduce the risk of postoperative infection? A systematic review with meta-analysis. Int. ]. Oral Maxillofac. Surg.
2019, 48, 263-273. [CrossRef]

Lodi, G.; Azzi, L.; Varoni, E.M.; Pentenero, M.; Del Fabbro, M.; Carrassi, A.; Sardella, A.; Manfredi, M. Antibiotics to prevent
complications following tooth extractions. Cochrane Database Syst. Rev. 2021, 24, CD003811. [CrossRef] [PubMed] [PubMed
Central]

Yves, M.K,; Bienvenue, N.D.; Charles, M.B.; Jacqueline, M. 48-Hour versus 7-day antibiotic prophylaxis in the prevention of
surgical site infection after simple dental extractions: A randomised clinical trial with amoxicillin. Adv. Oral Maxillofac. Surg.
2021, 3, 100111. [CrossRef]

Khouly, I; Braun, R.S.; Chambrone, L. Antibiotic prophylaxis may not be indicated for prevention of dental implant infections in
healthy patients. A systematic review and meta-analysis. Clin. Oral Investig. 2019, 23, 1525-1553. [CrossRef] [PubMed]
Bourgeois, J.; Carvalho, ].C.; De Bruyne, M.; Declerck, D.; Eloot, A.; Leroy, R. Antibiotics at replantation of avulsed permanent
teeth? A systematic review. . Evid. Based Dent. Pract. 2022, 22, 101706. [CrossRef] [PubMed]

Bianco, A.; Cautela, V.; Napolitano, F; Licata, F.; Pavia, M. Appropriateness of Antibiotic Prescription for Prophylactic Purposes
among Italian Dental Practitioners: Results from a Cross-Sectional Study. Antibiotics 2021, 10, 547. [CrossRef] [PubMed]
Cummins, J.; McCarthy, M.; Esterman, A.; Karve, A.; Lee, A. Knowledge and Compliance of Dentists” and Dental Students” with
Respect to Relevant Guidelines for Prescribing Antibiotic Prophylaxis for the Prevention of Infective Endocarditis: A Systematic
Review. |. Evid. Based Dent. Pract. 2020, 20, 101311. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.5037/jomr.2020.11102
https://doi.org/10.3390/antibiotics11050655
https://doi.org/10.24873/j.rpemd.2017.12.033
https://doi.org/10.1007/s10096-020-03849-0
https://doi.org/10.1111/idj.12460
https://doi.org/10.4317/medoral.26450
https://www.ncbi.nlm.nih.gov/pubmed/38615255
https://doi.org/10.1111/adj.12643
https://www.ncbi.nlm.nih.gov/pubmed/30007068
https://doi.org/10.1128/AAC.00914-21
https://doi.org/10.1038/s41415-020-1649-9
https://doi.org/10.1136/bmj.j3418
https://doi.org/10.1016/j.ijom.2018.08.002
https://doi.org/10.1002/14651858.CD003811.pub3
https://www.ncbi.nlm.nih.gov/pubmed/33624847
https://www.ncbi.nlm.nih.gov/pmc/PMC8094158
https://www.ncbi.nlm.nih.gov/pmc/PMC8094158
https://doi.org/10.1016/j.adoms.2021.100111
https://doi.org/10.1007/s00784-018-2762-x
https://www.ncbi.nlm.nih.gov/pubmed/30824982
https://doi.org/10.1016/j.jebdp.2022.101706
https://www.ncbi.nlm.nih.gov/pubmed/35718435
https://doi.org/10.3390/antibiotics10050547
https://www.ncbi.nlm.nih.gov/pubmed/34066881
https://doi.org/10.1016/j.jebdp.2019.01.007
https://www.ncbi.nlm.nih.gov/pubmed/32381401

	Introduction 
	Materials and Methods 
	Study Sample and Data Collection 
	Questionnaire 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

