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ABSTRACT The objectives of this study were to evaluate the pattern of antibiotic pre-
scription for endodontic infections (Els) among Italian dental practitioners (DPs) and to
explore the role of potential predictors of antibiotic overprescription. A nationwide cross-
sectional survey was conducted between 1 April and 30 October 2019 using a structured
questionnaire. Information was gathered on demographics, professional characteristics,
and practices regarding antibiotic prescription for both therapeutic and prophylactic pur-
poses. Of the 1,250 invited DPs, 563 answered the general questionnaire (response rate
of 52.6%). The proportions of DPs who prescribed an antibiotic without indication for
therapeutic and prophylactic purposes were 33.3% and 30.2%, respectively. Acute alveo-
lar abscess without systemic involvement represents the clinical scenario at a high risk of
overprescription for therapeutic purposes. Possible predictors of overprescribing included
demographics and professional characteristics. Moreover, overprescribing was found to
be higher for Els without an indication than for the cases in which the prescription is
indicated for therapeutic purposes. The odds of overprescription for prophylactic
purposes were higher for cases of acute apical periodontitis and lower for cases of symp-
tomatic irreversible pulpitis than for acute and chronic alveolar abscesses, for which pre-
scription is indicated. The main findings of the present study provide up-to-date insight
into the pattern of antibiotic prescriptions for Els and evidence useful to identify oppor-
tunities to reduce overprescription among DPs through tailored interventions. The
development of practical antibiotic prescribing guidelines with a clear description of indi-
cations and regimen ease of use is strongly needed.

KEYWORDS antibiotic prescription, antimicrobial resistance, appropriateness, dental
practitioners, dentistry, Italy

ntibiotics are one of the most cost-effective life-saving medical interventions, and

their use has not only resulted in saving lives but also contributed to an extended
life span (1). Today, the irrational use of antibiotics, combined with the lack of novel
antibiotics in the pipeline, is one of the major contributors to the rapid growth of anti-
biotic resistance (ABR), a widely acknowledged threat to global health (2). According to
the World Health Organization (WHO) definition, drugs are used “rationally” when
patients receive the appropriate medicines, for appropriate indications, in doses that
meet their individual requirements, for an adequate period of time, at the lowest cost
to both them and society, and with appropriate information. “Irrational” or unneces-
sary use of medicines occurs when one or more of these conditions are not met (3).

To adequately address the threat of ABR, it is essential to understand the main fac-
tors driving inappropriate antibiotic use in order to design and implement effective
actions to improve the use of antibiotics and, ultimately, minimize ABR (4). Prescribers
are responsible for making the decision to use antibiotics and for the selection of the
type of antibiotic (5). However, in a recent systematic review, it was reported that
physicians generally believed that ABR was a serious problem but not in their
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proximity (6). Among clinicians, it has been estimated that each dental practitioner
(DP) could be prescribing 159 antibiotic courses each year, an average of three pre-
scriptions a week, implying considerable antibiotic use (7), which could have a poten-
tially significant impact on ABR (8). A number of studies have shown that the empirical
prescription of antibiotics is widespread in dental practices (9-11). More information
regarding the appropriateness of antibiotic prescribing in this area is strongly needed.
Therefore, the primary objectives of this study were to evaluate the pattern of antibi-
otic prescription for endodontic infections (Els) among Italian DPs and adherence to
evidence-based recommendations and to explore the role of potential predictors of
antibiotic overprescription. The secondary objectives were to assess antibiotic prescrip-
tion for prophylaxis of serious distant-site infections in El and whether it complied with
evidence-based recommendations.

RESULTS

Sociodemographic characteristics and clinical information-seeking behaviors
of DPs. Of the 1,250 selected DPs invited to participate in the study, 81 were ineligible
because they did not practice dental care or had moved abroad, and 98 were not
included because of incorrect e-mail addresses. A total of 563 DPs answered the general
questionnaire, giving a response rate of 52.6%. The sociodemographic characteristics
and clinical information-seeking behaviors of DPs are displayed in Table 1. The majority
of respondents were males (71.2%), and the median age was 53years (interquartile
range [IQR], 41 to 60years). Among the enrolled DPs, 34.8% were from the northwest
area, 30.7% were from the south, 13.7% were from the center, 13.3% were from the
northeast, and 7.5% were from the islands. The majority of participants (60.9%) had a
dentistry degree. The median number of years in practice was 25 (IQR, 13 to 31 years),
with a minimum of 1 and a maximum of 44 years. More than half of the DPs self-reported
that they advise patients about the antibiotic regimen (60.9%) and about the conse-
quences of nonadherence to therapy (83.5%). About two-thirds (67.5%) asked about any
history of high-risk conditions, and 81.9% inquired about antibiotic use in the previous
week. More than half (55.4%) of the participants reported to be knowledgeable about
guidelines on the use of systemic antibiotics in endodontics, and 79.2% declared that
they needed further information on the topic.

Descriptive results regarding antibiotic prescription for therapeutic purposes.
The overall proportion of DPs who prescribed an antibiotic without indication for thera-
peutic purposes was 33.3%. Antibiotic prescriptions according to Els and the presence of
an indication are shown in Table 2. The proportions of DPs who prescribed an antibiotic
without indication ranged from 13% for irreversible symptomatic pulpitis to 62% for acute
alveolar abscess without systemic involvement. In accordance with evidence-based recom-
mendations, the antibiotic was prescribed in 78.3% of cases of acute alveolar abscess with
systemic involvement. The DPs usually recommended a treatment duration of 5 to 6 days
(47.2%) or 2 to 3 days (28.3%), with a median duration of antibiotic therapy of 6 days (IQR,
3 to 6 days). For patients who did not report a penicillin allergy, the combination of amoxi-
cillin plus clavulanate was the most frequently prescribed antibiotic in all explored Els,
ranging from 46.4% for symptomatic irreversible pulpitis to 58.9% for acute apical perio-
dontitis. Amoxicillin was less frequently prescribed than amoxicillin plus clavulanate,
ranging from 28.5% for acute alveolar abscesses with systemic involvement to 43.8% for
symptomatic irreversible pulpitis. A high proportion of DPs (74.1%) self-reported clindamy-
cin prescription in penicillin-allergic patients, according to suggestions of evidence-based
recommendations.

Mixed-effects logistic regression model results regarding antibiotic prescription
for therapeutic purposes. Regarding possible predictors of overprescribing for therapeu-
tic purposes, it was less likely among the DPs with a dentistry degree (odds ratio [OR] =
0.59 [95% confidence interval {Cl} = 0.41 to 0.86]) than among those with a medical degree
and for those who had attended continuing education courses (OR = 0.75 [95% Cl=0.58 to
0.96]) than for those who had used other sources of information. Furthermore, the 41- to
60-year age groups were positively associated with antibiotic overprescription compared
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TABLE 1 Sociodemographic characteristics and clinical information-seeking behaviors of
dental practitioners

- X Value
DP characteristic (no. of DPs responding to
question) No. % Median (IQR)
Gender (556)
Male 396 71.2
Female 160 28.8
Age (yrs) (529) 53 (41-60)
Residence (549)
Northwest 191 348
South 169 30.7
Center 75 13.7
Northeast 73 133
Islands 41 7.5
Academic degree (557)
Medicine 218 39.1
Dentistry 339 60.9
No. of yrs in practice (545) 25 (13-31)
Advising patients about antibiotic regimen
(563)
No 220 39.1
Yes 343 60.9
Advising patients about consequences of
nonadherence to therapy (563)
No 93 174
Yes 470 83.5
Asking about history of high-risk conditions
(563)
No 137 24.3
Yes 426 75.7
Asking about antibiotic use in the previous
wk (563)
No 102 18.1
Yes 461 81.9
Knowledge of guidelines (563)
No 251 44.6
Yes 312 554
Need for more information on the topic
(563)
No 117 20.8
Yes 446 79.2

with the >60-year-old DPs, and the effect size for the 41- to 50-year age group (OR=2.26
[95% Cl=1.36 to 3.75]) was higher than that for the 51- to 60-year age group (OR=1.65
[95% CI=1.12 to 2.42]). Having advised the patient about an antibiotic regimen was not
associated with correct prescription practice (OR = 0.63 [95% Cl = 049 to 0.81]). As
expected, for all but one of the Els without indication (i.e,, symptomatic irreversible pulpitis),
the rate of antibiotic prescription was found to be higher than in the cases of acute alveolar
abscess with systemic involvement, for which the prescription was indicated. In particular,
higher odds of overprescription for therapeutic purposes were found in cases of acute
alveolar abscess without systemic involvement (OR=13.32 [95% Cl=9.22 to 19.23]), acute
apical periodontitis (OR=5.11 [95% Cl=3.6 to 7.24]), and pulp necrosis (OR=2.23 [95%
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TABLE 2 Pattern of antibiotic prescription in endodontic infections according to purpose
and the presence of an indication

No. of responses or % of

Purpose median value (IQR) responses
Therapeutic
Without indication
Chronic alveolar abscess 121 215
Acute alveolar abscess without systemic involvement 349 62
Symptomatic irreversible pulpitis 73 13
Acute apical periodontitis 242 43
Pulp necrosis 152 27
With indication
Acute alveolar abscess with systemic involvement 441 783
Duration (days) 6 (3-6)
Prophylactic®
Without indication
Symptomatic irreversible pulpitis 297 17.6
Acute apical periodontitis 765 453
Pulp necrosis 466 27.6
With indication
Chronic alveolar abscess 1,137 67.3
Acute alveolar abscess without systemic involvement 1,019 60.3
Acute alveolar abscess with systemic involvement 1,131 67
Timing®
Appropriate (30-60 min before the procedure) 400 76.6
Inappropriate (24-48 h before the procedure) 122 234
Duration®
Appropriate (within 24 h from the procedure) 487 93.3
Inappropriate (over 24 h from the procedure) 35 6.7

aThe total number of responses to the questions exceeds 563 since each DP could answer a question more than
once with regard to three high-risk clinical conditions (i.e., those patients with a previous diagnosis of infective
endocarditis, those with a prosthetic valve or prosthetic material used for cardiac valve repair, and those
patients with a replacement of a joint prosthesis in the previous 6 months), and the percentages were
calculated by dividing the absolute frequency by the total number of responses (n = 1,689).

bThe number of DPs responding to the question is 522.

Cl=1.56 to 3.18]) (model 1 in Table 3). The receiver operating characteristic (ROC) analysis
reveals good discrimination (area under the curve [AUC] =0.82 [95% Cl=0.80 to 0.84]), and
no outliers were detected by Pearson'’s residual analysis.

The average predicted probability of prescription at a population level considering
a single El confirms the results of descriptive statistics. Indeed, acute alveolar abscess
without systemic involvement represents the clinical scenario at a high risk of overpre-
scription for therapeutic purposes, with a probability (67.5% [95% Cl = 62.9 to 72.2%])
significantly higher (P < 0.001) than the average aggregate probability of prescription
for all other Els without an indication (Fig. 1).

Descriptive results regarding antibiotic prescription for prophylactic purposes.
The overall proportion of DPs who prescribed an antibiotic without an indication for
prophylactic purposes was 30.2%. Table 2 shows antibiotic prescriptions according to
Els and the presence of an indication. Among high-risk patients, the proportion of DPs
who overprescribed antibiotics (i.e, symptomatic irreversible pulpitis, acute apical
periodontitis, and pulp necrosis) was 30.2%, ranging from 17.6% for symptomatic irre-
versible pulpitis to 45.3% for acute apical periodontitis. When an indication was pres-
ent, the proportions of DPs who reported prescription were 60.3% for acute alveolar
abscesses and 67.3% for chronic alveolar abscesses. The course of antibiotic prophy-
laxis prescribed by DPs was consistent with guidelines (i.e., a single dose of amoxicillin
1 h before the procedure) in 74% of cases.

Mixed-effects logistic regression model results regarding antibiotic prescription
for prophylactic purposes. As shown in model 2 in Table 3, no statistically significant
differences were found between antibiotic overprescription for prophylactic purposes
and the DPs’ demographic and professional characteristics. With regard to Els, the
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TABLE 3 Mixed-effects logistic regression model results for potential determinants of the different outcomes of interest

Variable? OR 95% CI P

Model 1 (outcome: antibiotic overprescription for therapeutic purposes)
(log likelihood = —12,762.714; P > x?=0.0000; observations = 2,394)

Gender

Male® 1.00

Female 0.99 0.76-1.29 0.946
Age, ordinal (yrs)

=40 1.38 0.84-2.26 0.206

41-50 2.26 1.36-3.75 0.002

51-60 1.65 1.12-2.42 0.011

>60° 1.00
College degree

Medicine® 1.00

Dentistry 0.59 0.41-0.86 0.005
Sources of information

Colleagues/Internet/scientific journals® 1.00

Continuing education courses 0.75 0.58-0.96 0.020
Knowledge of guidelines

No® 1.00

Yes 1.25 0.96-1.62 0.102
Advising patients about antibiotic regimen

No® 1.00

Yes 0.63 0.49-0.81 <0.001
Need for more information on the topic

No® 1.00

Yes 0.68 0.48-0.96 0.027
Endodontic infections

Acute alveolar abscess with systemic involvement® 1.00

Chronic alveolar abscess 1.46 1.01-2.11 0.042

Acute alveolar abscess without systemic involvement 13.32 9.22-19.23 <0.001

Symptomatic irreversible pulpitis 0.71 0.48-1.06 0.102

Acute apical periodontitis 5.11 3.60-7.24 <0.001

Pulp necrosis 223 1.56-3.18 <0.001

Model 2 (outcome: antibiotic overprescription for prophylactic purposes)
(log likelihood = —3,605.3914; P > x*=0.0000; observations = 5,985)

Gender

Male® 1.00

Female 1.01 0.84-1.2 0.985
Age, ordinal (yrs)

=40 0.90 0.64-1.25 0.525

41-50 1.07 0.76-1.51 0.707

51-60 0.95 0.73-1.23 0.676

>60° 1.00
College degree

Medicine® 1.00

Dentistry 0.80 0.62-1.04 0.095
Sources of information

Colleagues/Internet/scientific journals® 1.00

Continuing education courses 1.04 0.88-1.23 0.669
Knowledge of guidelines

No® 1.00

Yes 0.97 0.81-1.16 0.707
Advising patients about antibiotic regimen

No® 1.00

Yes 1.13 0.95-1.34 0.180
Need for more information on the topic

No® 1.00

Yes 0.92 0.73-1.17 0.497
Endodontic infections

Acute alveolar abscess with and without systemic involvement and 1.00

chronic alveolar abscess®

Symptomatic irreversible pulpitis 0.49 0.41-0.58 <0.001

Acute apical periodontitis 213 1.83-2.47 <0.001

Pulp necrosis 0.91 0.78-1.06 0.208

aFor model 1, the AUC is 0.82 (95% Cl = 0.80 to 0.84). For model 2, the AUC is 0.73 (95% Cl =0.72 to 0.74). No outliers were revealed by Pearson residual analysis.
bReference category.
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FIG 1 Probabilities of antibiotic prescription for therapeutic purposes according to Els when not
indicated by guidelines. Shown are marginal estimates of prescriptive behavior probabilities predicted
at mean values for gender, number of years in practice, geographic area of residence, guideline
knowledge, college degree, and advising patients about the antibiotic regimen.

odds of overprescription were higher in cases of acute apical periodontitis (OR=2.13
[95% Cl=1.83 to 2.47]) and lower in cases of symptomatic irreversible pulpitis
(OR=10.49 [95% Cl=0.41 to 0.58]) than in Els in which the prescription was indicated
(i.e., acute alveolar abscess with and without systemic involvement and chronic alveo-
lar abscess). The ROC analysis reveals satisfactory discrimination (AUC=0.73 [95%
Cl=0.72 to 0.74]), and Pearson residual analysis did not show any outliers.

Among high-risk patients, the predicted probability of inappropriate prescription
for prophylactic purposes was significantly higher (P < 0.001) in patients with acute
apical periodontitis (49.9%) than the average prescription probability of the other two
procedures without indication (symptomatic irreversible pulpitis and pulp necrosis)
(Fig. 2).

DISCUSSION

To the best of our knowledge, this study represents the first national evaluation of
antibiotic prescribing for Els among DPs. Our goals were to provide up-to-date insight
into the pattern of antibiotic prescriptions and to identify opportunities to reduce
overprescription through tailored interventions.

This survey provided 3 major findings. First, the results demonstrated that the Italian
DPs overprescribed antibiotics in the management of Els, for both therapeutic and prophy-
lactic purposes. Similar results were found in the outpatient primary medical care setting
in the same geographic specialty area (12) as well as in general dental practices, where

1 -
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—e— Symptomatic
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FIG 2 Probabilities of antibiotic prescription for prophylactic purposes according to Els when not
indicated by guidelines. Shown are marginal estimates of prescriptive behavior probabilities predicted
at mean values for gender, number of years in practice, geographic area of residence, guideline
knowledge, college degree, and advising patients about the antibiotic regimen.
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only 19% of antibiotics were prescribed in situations where their use was indicated by clin-
ical guidelines (13). Interestingly, acute alveolar abscess without systemic involvement is
the El at the highest risk of antibiotic overprescription, with a proportion (62%) slightly
lower than that for acute abscess with systemic involvement (78.3%), conditions that defi-
nitely require an antibiotic prescription. Studies have shown that adjunctive antibiotics are
not effective in preventing or ameliorating signs and symptoms in cases of symptomatic ir-
reversible pulpitis, acute apical periodontitis, or localized acute alveolar abscesses (14-17).
Antibiotics should be used only as adjuvant therapies in cases with evidence of systemic
involvement following adequate endodontic disinfection and abscess drainage if swelling
is present (16-18). As demonstrated in previous studies, DPs routinely prescribe antibiotics
for patients with dental pain for the patients’ comfort and to alleviate their apprehension
(18). One strategy that may be useful to encourage prudent antibiotic prescription could
consider patient education about the signs and symptoms of spreading infection and give
the patient a “standby” antibiotic prescription. The patient would fill the prescription and
call the prescriber’s office only if he/she perceives the infection to be occurring, prior to
receiving definitive care (19). Regarding prophylactic purposes, our results demonstrated
that 30.2% of the surveyed DPs reported prescribing antibiotics in high-risk patients but
for procedures without manipulation of gingival tissue or the periapical region of the teeth
for which there is no evidence of therapeutic benefit (19-22). Indeed, some authors have
highlighted that the risk of bacteremia after dental treatment is considered lower than
that related to normal daily activities (23-25).

The second key result is that the choices of the antibiotic agent and duration of
therapy are typically made in an empirical fashion. It is recommended that when using
adjunctive antibiotics in addition to adequate debridement and surgical drainage,
such as in cases of spreading infections, the DP should minimize the use of broad-spec-
trum antibiotics, use the shortest effective course of antibiotics, and monitor the
patient closely for the duration of the prescription (19). In the present study, the com-
bination of amoxicillin plus clavulanate was the most frequently prescribed antibiotic,
although amoxicillin and penicillin VK should be the first-line therapeutic antibiotics in
patients without a penicillin allergy (26). Amoxicillin-clavulanate is recommended only
for patients who continue to have an unresolved or recalcitrant infection after treat-
ment with a B-lactam (27). However, a review by Segura-Egea et al. shows in great
detail how amoxicillin alone or in combination with clavulanate is the preferred solu-
tion for most DPs in Europe (28). Moreover, most DPs prescribe antibiotics in courses
of 5 to 6 days (47.2%), similar to findings from previous studies (9, 25). Some evidence
suggests that shorter courses (2 to 3 days) may be successfully used as adjuvant thera-
pies (9, 25), and a recent recommendation suggests monitoring a patient’s symptoms
daily and discontinuing antibiotics when the symptoms are resolved (9, 11, 19).

Third, antibiotic prescription practice for therapeutic purposes can be shaped by
individual characteristics of DPs, such as age, academic degree, and having attended a
continuing education course on antibiotic prescriptions. In the present study, younger
DPs were more likely to overprescribe than their older colleagues, in contrast to data
from other studies that show that young age and a more recent year of graduation
were factors independently associated with being worried about liability in antibiotic
prescription (29, 30) and the proper use of antibiotics during periodontal therapy.
Further work should be done to better clarify the role of the DPs’ age as a potential de-
terminant of overprescription. Moreover, a degree in medicine was found to be associ-
ated with the overprescription of antibiotics compared with a degree in dentistry. It
should be noted that in Italy, until 1985, dentist status was obtained after completion
of training in medicine, with or without the specialty of stomatology. Actually, both
stomatologists (M.D.) and odontologists (D.D.S.) practice as dentists in the country.
Previous studies showed that physicians appear to prescribe antibiotics for tooth-
related conditions more readily than dentists, suggesting that individuals seeing their
physician with a dental problem are considerably more likely to receive an antibiotic
than those seeing a dentist for similar conditions (31, 32). As expected, the DPs having
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attended a continuing education course on antibiotic prescriptions were less likely to
overprescribe than those who have used other sources of information. Educational
interventions to improve antibiotic use are essential, especially if such interventions
are active and multifaceted and have been designed to take into account the health
professionals’ knowledge and attitudes, in order to focus on the identified barriers (33).
Antibiotic prescribing practices are complex processes and associated with both intrin-
sic (prescriber) and external (patients and institutional environment) factors, and a sys-
tematic approach is required to curb the overprescription of antibiotics. It is challeng-
ing to change the prescribers’ as well as the public’s stereotype of antibiotics as a
panacea. It is equally important, apart from educating prescribers, to educate patients
to reduce requests for antibiotics (34) and community pharmacists to avoid dispensing
antibiotics without a prescription (35).

Strengths and limitations. The national level of the study participants and the large
sample size represent key strengths of this survey. Having covered the whole country
protects from any bias attributable to the prescribing practices of a smaller territory.

Interpretations of our findings should take into account potential limitations. First,
the cross-sectional design of the study does not allow conclusions on causality to be
drawn about the observed associations. However, this was not our goal since we
wanted only to assess the pattern of antibiotic prescriptions in selected Els and to sug-
gest potential predictors that could influence overprescription by Italian DPs. Second,
the method of collecting information can itself be a cause of bias for at least two rea-
sons. First, older dentists may have been less familiar with online questionnaires and
could have contributed less to the response rate, and if this is true, we could have
overestimated the rates of overprescription since in the present study, older DPs were
less likely to overprescribe antibiotics. Second, this is a survey that relied on the DPs’
reporting information. Intentional deception, poor recall, and misunderstanding of the
questions can all contribute to a wrong assumption of actual prescribing practice. DPs
might report socially acceptable responses that are different from the actual day-to-
day practices. However, assurance of confidentiality has substantially minimized this
issue in our data. Third, the response rate (52.6%) is lower than the desired response
rate, which must be higher than 60%, but we believe that it is satisfactory considering
that DPs are a group with very low survey response rates (36-38).

Conclusions. The main findings of the present study may have implications for
future research to identify the DP profile and the Els most at risk of the prescription of
antibiotics without a therapeutic or prophylactic benefit. The development of practical
and meaningful antibiotic prescribing guidelines in endodontics with a clear descrip-
tion of indications and regimens to facilitate case selection and ease of use is strongly
needed. Evidence from the present study provides some insight into antibiotic pre-
scribing practices and could ultimately contribute to controlling the spread of ABR and
limiting unnecessary costs.

MATERIALS AND METHODS

Study design. This was a nationwide cross-sectional survey based on a structured questionnaire.

Survey sampling methods. The survey was conducted using a multistage sampling procedure.
According to the geographic division of the National Statistical Institute (ISTAT) (39), Italy was divided into
five areas (northwest, northeast, central, south, and islands). For each area, a random sample of five Registers
of Physicians, Surgeons, and Dentists (RPSDs) was chosen from a publicly available frame of all RPSDs. In
Italy, every dentist who practices is obligated to join the RPSD. The chief executive of each selected RSPD
was contacted by phone in order to delineate the aims of the study and obtain verbal consent to carry out
the study. In cases where permission was refused, we randomly chose another RPSD in the same area, and
so forth, until consent was given. Next, starting from 1 April 2019, 50 DPs were randomly chosen among
those registered within each selected RPSD to give a total sample of 1,250 DPs. Selected DPs received an e-
mail with a link to an electronically administered questionnaire. The link to the questionnaire was personal; it
contained a unique serial number but no personal identifiers. Nonrespondents received a reminder after
2 weeks, after 4 weeks, and after 8 weeks, and data collection terminated on 30 October 2019. In an attempt
to maximize the response rate, after the three reminders, a phone call was made to the DPs in case they pre-
ferred to give their answers via a telephone interview.

Instruments and methods for data collection. The questionnaire was developed from themes
identified in the existing literature and interviews with experienced researchers and DPs. A pilot test was
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conducted among 10 DPs to assess the relevance and comprehensiveness of the questionnaire battery.
Only minor changes (deletion of a few ad hoc items) were made based on the pilot test. Information was
gathered on demographics and professional characteristics (gender, age, academic degree, number of
years in practice, and place of residence), practices regarding antibiotic prescription for Els (purpose of
prescription, drug choice, and timing and duration of the antibiotic course), and sources of information
used to update knowledge on the use of systemic antibiotics in endodontics. Antibiotic prescriptions for
therapeutic and prophylactic purposes were explored in cases of acute alveolar abscess with and with-
out systemic involvement, chronic alveolar abscess, symptomatic irreversible pulpitis, acute apical perio-
dontitis, and pulp necrosis. According to guidelines, antibiotic prescription for therapeutic purposes was
judged appropriate in only one clinical scenario, i.e., acute apical abscess with systemic involvement
(i.e., an elevated body temperature of >38°C, malaise, lymphadenopathy, and trismus) (9, 19). For the
purpose of prophylaxis of serious distant-site infections, antibiotic prescription was judged appropriate
exclusively in patients classified as being at high risk and in two clinical scenarios, i.e., acute alveolar ab-
scess, both with and without systemic involvement, and chronic alveolar abscess. Indeed, in those Els,
manipulation of the gingival or periapical region of the teeth or perforation of the oral mucosa exposes
high-risk patients to a potential serious distant-site infection. In accordance with published guidelines,
we considered high-risk patients those with a previous diagnosis of infective endocarditis (IE), patients
with a prosthetic valve or prosthetic material used for cardiac valve repair, and patients with a replace-
ment of a joint prosthesis in the previous 6 months (20, 21). Moreover, DPs were asked if the information
about patient clinical history and other concomitant treatments was usually investigated as well as if
they advised patients about the antibiotic regimen.
Ethics approval was granted by the Calabria Centre Local Human Research Ethics Committee (ap-
proval no. 121/2019/04/18).
Statistical analysis. All collected variables were summarized by means and standard deviations when
normally distributed. Medians and interquartile ranges were used in cases of deviations from normality.
The skewness of the variables was estimated by Shapiro-Wilk tests. Categorical variables were expressed
as percentages. The overall and procedure-specific proportions of antibiotic prescriptions were calculated
both with and without indication by the guidelines. The inferential analysis was conducted in two stages.
In the first stage, a bivariate analysis was carried out to evaluate the effect of the independent variables on
the outcomes of interest using a chi-square test for categorical variables and Student’s t test for continu-
ous variables. The independent variables for which the P value was =0.25 upon the bivariate analysis were
included in the models (40). In the second stage, since the study had a clustering-data design, a mixed-
effects logistic regression model was developed to explore the role of potential predictors of the following
outcomes of interest: antibiotic prescription without indication for both therapeutic (model 1) and prophy-
laxis (model 2) purposes. The following independent variables were included in the models: gender
(male =0; female=1), age (four categories in years [=40=1; 41 to 50=2; 51 to 60=3; >60=4]), college
degree (medicine = 0; dentistry = 1), sources of information (colleagues/Internet/scientific journals = 0; con-
tinuing education courses = 1), advising patients about the antibiotic regimen (no=0; yes = 1), knowledge
of guidelines on the use of systemic antibiotics in endodontics (no=0; yes=1), and DPs’ perceived need
for more information on the topic (no=0; yes=1). To take into account the clustered (within-DP) data set
structure, the DPs’ identifiers were introduced into the explanatory models as random factors. The good-
ness of fit of the logistic models was assessed by the AUC test and Pearson residual analysis. Furthermore,
in order to highlight in which Els inappropriate antibiotic prescription particularly emerges, we estimated
the average predicted probabilities of antibiotic prescription at a population level for each explored El. All
statistical comparisons were adjusted by Bonferroni correction. Statistical analyses were conducted using
the STATA version 16.0 statistical package (StataCorp) (41).
Data availability. The data set was deposited in the Mendeley Data repository (https://doi.org/10
.17632/gbvhzbjnsm.1).
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