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Abstract

Background: The present systematic review aims to investigate the guidelines for prescribing Preventive Antibi-
otic Therapy (PAT) in the placement of dental implants (DIs) without anatomical constraints in healthy patients
by clinicians in Europe and to compare them with current recommendations.

Material and Methods: A search was performed in 4 databases: Medline (via PubMed), Web of Science, Scopus,
and LILACS. The criteria employed were those described in the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analysis) declaration (PROSPERO Registration number: CRD42022382278).

Results: The electronic search identified 10 studies published between 2010 and 2023 that met the established cri-
teria. Overall, 60.8% + 24.1% of European professionals routinely prescribe PAT, with the most frequent regimen
being perioperative (mean= 46.7% =+ 24.3%), followed by postoperative PAT only (mean= 20.3% + 9.7%).
Conclusions: The most commonly prescribed antibiotic both pre- and postoperatively is amoxicillin and, in al-
lergic patients, clindamycin. In Europe, more doses of PAT are being prescribed than suggested by current recom-
mendations. For this reason, more PAT education is needed in educational curricula to promote a more rational
use of antibiotics to reduce the occurrence of antimicrobial resistance.
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Introduction

Dental implants (DIs) have become the first choice in
the rehabilitation of partially or edentulous patients in
recent decades, due to their high predictability, with suc-
cess rates described at around 98.90% and 94% at 5 and
15 years, respectively (1). As a consequence, the place-
ment of DIs has increased exponentially, from 100,000
- 300,000 DIs per year worldwide in 1988 (2), while in the
USA alone, 3 million people are carrying DIs, a number
that is growing by 500,000 people each year, according
to recent data. Since its invention in the early 1980s (3),
treatments with DIs have been accompanied by the pre-
scription of preventive antibiotics (ATB) as DI surgery
was considered a procedure with a high risk of infection
(4). The reason for this is the presence in the oral cavity
of more than 500 - 700 bacterial species, in addition to
other non-culturable microorganisms discovered by mo-
lecular biological techniques that can contribute to the
development of postoperative infections (5,6). This pre-
ventive prescription used to be called "antibiotic prophy-
laxis", however, recently the term "preventive antibiotic
therapy" (PAT) was introduced to refer to the adminis-
tration of ATB in healthy patients to avoid early DI fail-
ure and/or the development of infectious complications
(7). Therefore, with the spread of DI treatments, the ad-
ministration of associated PAT has increased. In recent
years, much controversy has arisen because certain in-
dices such as NNT ("number needed to treat") - which
refers to the number of individuals who must be treated
to prevent an adverse event, compared to the expected
outcomes in the control group - have shown limited ben-
efit (4,8). In this regard, the NNT for preventing early DI
failure has been estimated at 24 (9) to 55 and for prevent-
ing the occurrence of postoperative infections at 143 (at
the patient level). Specifically, the NNT for preoperative
PAT of amoxicillin is 100 and for postoperative PAT of
143 (10). These data are of particular importance in the
current era, where antimicrobial resistance is an urgent
threat to Public Health. The problem is that an increasing
number of infections are becoming more difficult to treat
due to the loss of efficacy of these drugs, being associ-
ated with an estimated 5 million deaths globally by 2019
(11). An important aspect to consider is the crucial role
that dentists play in this problem, as we prescribe 10%
of all ATB dispensed worldwide, of which 66% could be
avoided as they are not clinically indicated (12). There-
fore, several surveys have been published worldwide to
identify antibiotic prescribing patterns and frequency of
antibiotic prescribing concerning DI treatments to de-
termine whether there is any kind of consensus among
practitioners.

In recent years, different antimicrobial stewardship strat-
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egies have been implemented. In this regard, the Span-
ish Society of Implants (13) (SEI - Sociedad Espafiola de
Implantes) published in 2022 the first clinical practice
guideline (CPG) worldwide on how to prescribe PAT in
different DI procedures, such as sinus lifts, immediate
DIs, bone augmentations and DI prosthetic phase. Specif-
ically, this CPG recommends the administration of2-3 g
amoxicillin 1 h before the placement of DIs without ana-
tomical constraints, i.c., without the need to perform re-
generative procedures simultaneously with the placement
of DIs, in healthy patients (Grade of recommendation A,
GRADE [Grading of Recommendations Assessment,
Development and Evaluation] (14) system) although its
non-prescription in certain cases could not be considered
a wrong approach either (Grade of recommendation B).
Therefore, this systematic review aims to investigate the
prescribing guidelines for PAT in the placement of DIs
without anatomical constraints in healthy patients by pro-
fessionals dedicated to Oral Implantology in Europe and,
secondarily, to determine their suitability based on the
current recommendations of the SEI.

Material and Methods

- Protocol and registration

The present systematic review is reported according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) Statement (15), and its
protocol was registered on PROSPERO (Registration
number: CRD42022382278).

- Focused question

The initial hypothesis is that PAT is being prescribed
inappropriately in Europe, with more ATB doses being
administered than recommended.

The study aimed to answer the following PICOS ([P] =
patient; [I] = intervention; [C] = comparison; [O] = out-
come; [S] = study design) question: “In healthy patients
of Europe (P) in whom DlIs are to be placed without
anatomical constraints (I) is PAT (O) being adequately
prescribed compared to current recommendations (C) ac-
cording to survey-based studies (S)?

- Search strategy and database screening

A comprehensive search of the literature was conducted
in the following databases: Medline (via PubMed), Web
of Science, Scopus and LILACS. The search was per-
formed by two independent researchers (AOSP and NK).
MeSH (Medical Subject Headings) terms, keywords and
other free terms were used with Boolean operators (OR,
AND) to combine searches adapted to each database (Ta-
ble 1). Mendeley reference software program (Mendeley
Reference Manager 2.80.1, Elsevier) was used to auto-
matically discard duplicates, which were verified manu-
ally in the resulting list.
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Table 1: Searches carried out in each of the databases.

Database Search

Medline (via | (antibiotic prophylaxis [MeSH Terms] OR preventive antibiotics OR preventive antibiotic therapy)

PubMed) AND (dental implants [MeSH Terms] OR dental implantation [MeSH Terms] OR dental implantation,
endosseous[MeSH Terms] OR oral implantology) AND (surveys and questionnaires[MeSH Terms] OR
prescription patterns OR prescribing practices OR prescribing habits)

Web of Science | “All databases” (antibiotic prophylaxis OR preventive antibiotics OR preventive antibiotic therapy) AND
(dental implants OR dental implantation OR dental implantation, endosseous OR oral implantology) AND
(surveys and questionnaires OR prescription patterns OR prescribing practices OR prescribing habits)

Scopus TITLE-ABS-KEY ((antibiotic prophylaxis OR preventive antibiotics OR preventive antibiotic therapy)
AND (dental implants OR dental implantation OR dental implantation, endosseous OR oral implantol-
ogy) AND (surveys and questionnaires OR prescription patterns OR prescribing practices OR prescribing
habits)

LILACS (Antibiotic prophylaxis) AND (dental implants) AND (survey)

- Clinical relevance

Coordinated measures to prevent the spread of antimi-
crobial resistance have been implemented at the Eu-
ropean level in recent decades, however, they do not
always translate effectively into rational ATB prescrib-
ing. Therefore, it is relevant to know how PAT is being
prescribed in DI procedures to establish the adherence
of professionals to current recommendations.

- Eligibility criteria

Inclusion criteria: (a) articles published in English; (b)
surveys on the prescription of PAT in the placement of
DIs in healthy patients without anatomical constraints;
and (c) surveys conducted in countries of the European
continent. (d) The search was temporarily restricted
from 1 January 2010 to 11 November 2023.

Exclusion criteria: (a) Systematic reviews and (b) meta-
analysis; () prospective and retrospective clinical stud-
ies; (d) duplicate articles; (e) books; (f) letters to the
Editor; (g) commentaries; (h) case reports; (i) narrative
literature reviews; (j) articles studying the use of ATBs
in surgical procedures not related to the placement of
DIs; and (k) studies investigating the use of ATBs for
therapeutic purposes.

- Studies screening and inclusion

Two researchers (AOSP and NK) independently com-
pared their results to ensure completeness and removed
duplicates. The full titles and abstracts of the remain-
ing papers were then screened individually. Finally, the
full-text articles to be included were selected according
to the criteria described above. Disagreements on eli-
gible studies to be included were discussed with a third
author (MVMM), and a consensus was reached. The
reference list of the included studies was also reviewed
to identify other studies potentially meriting inclusion.
Agreement between reviewers was measured with the
kappa coefficient. The results were also expressed as
the concordance between reviewers (%).

- Data extraction

Similarly, data extraction was undertaken by two re-
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viewers (AOSP and NK) independently and results were
compared and merged. In case of discrepancy, articles
were re-screened by a third reviewer (MVMM). If nec-
essary, study authors were contacted for clarification of
missing information.

- Quality assessment and risk of bias

Two independent reviewers (AOSP and MPS) evaluated
the methodological quality of eligible studies following
the Joanna Briggs Institute (JBI) Critical Appraisal Tool
(16). The checklist comprised 10 domains, each being
scoredas“Yes”, “Unclear” or “No”. The studies were clas-
sified as low-quality assessment studies (0 - 5 domains),
or as high-quality assessment studies (6 - 10 domains).

Results

- Study selection

The search strategy resulted in 82 results (PubMed =
32, Web of Science = 35, Scopus = 4; LILACS = 11),
of which 57 remained after removing duplicates. Then,
two independent researchers (AOSP and NK) reviewed
all the titles and abstracts and excluded 43 papers that
were outside the scope of this review or were conducted
outside Europe. Thus, we obtained 14 potential refer-
ences. After reading the full texts of those 14 papers,
4 were discarded for being a survey that did not collect
PAT prescription data in the placement of DIs (n = 1)
(17); for investigating its appropriateness in at-risk pa-
tients (n = 1) (18); for recording data at the DI level (n
= 1) (19); and for being a prospective longitudinal study
(n = 1) (20). Therefore, 10 studies were included in this
systematic review (21-30) (Fig. 1). There was a 90.8%
concordance between the two authors (AOSP and NK),
with a kappa coefficient of 0.600 (standard error [SE]=
0.009; 95% Confidence Interval [CI], 0.419 - 0.781) for
titles and abstracts, and 95% concordance with a kappa
coefficient of 0.898 (SE = 0.099; 95%CI, 0.703 - 1.093)
for full-text articles, respectively. Thus, the concor-
dance was deemed to be good for titles and abstracts
and very good for full-text articles.
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Identification of studies via databases and registers

)
Records removed before screening:
5 Records identified from: Duplicate records removed
§ Medline (via PubMed (n = 32) (n=25)
e Web of Scifnce (n=35) > Record§ marked as ineligible by
= Scopus (n =4) automation tools (n = 0)
i LILACS (n=11) Records removed for other
reasons (n = 0)
) l
Records screened »| Records excluded
(n=57) (n=43)
o
c
f }
)
e
O
(7}
Reports assessed for eligibility Reports excluded:
(n=14) > No collection of data on PAT
prescription in Dls (n = 1).
Studying PAT in Dls in at-risk patients
(n=1).
Record PAT data at Dl level (n=1).
Prospective longitudinal study (n = 1).
2
= Studies included in the review
T:: (n=10)

PAT: preventive antibiotic therapy, DIs: dental implants

Fig. 1: PRISMA flow diagram of the search processes and results.

- Study characteristics

All surveys were anonymous, except the one carried out
by Camacho-Alonso et al (26) since of the 200 respon-
dents, 115 answered face-to-face to the interviewer, 35
via telephone and 50 via email. The main objective of
the various studies was to determine how common is the
prescription of PAT in the treatment of DIs and the dos-
ages used in patients without local or systemic condi-
tions. The methodological design of the study by Khalil
et al (29) differed slightly from other research as it com-
pared PAT prescribing habits between two surveys of
the same sample of Swedish dentists in 2008 and 2012
to determine their adherence to the recommendations
of the Swedish Strategic Programme Against Antibiotic
Resistance (STRAMA) and the scientific committee of
the Health Technology Assessment. We decided to con-
sider the 2012 data as only surveys published from 2010
onwards were included. In addition, 3 studies further
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investigated: (i) the prescription habits of PAT in certain
DI procedures in healthy patients (n = 2) (21,26), (ii) its
use to treat early failures or complications in DIs (27)
and, in addition, (iii) prescription habits of analgesics
and anti-inflammatory drugs (26).

Most surveys were conducted in Spain (21,26-28). They
were also conducted in the Netherlands (24), Italy (25)
Sweden (29), Turkey (22,23,30), and the UK (23,30).
The surveys conducted by the 10 studies were based on
those previously published by Deeb ez al (31) (2015) (n
=3), (24,25,28) by Abukaraky et a/ (26,32) (2011) (n=1)
(26), or by a combination of both (n = 1) (21). Five stud-
ies (22,23,27,29,30) did not specify this. Surveys were
sent to a total of 25,303 respondents, with response rates
ranging from 2.2 (22) to 95.2% (26) (mean = 39.2% +
31.7%). Two studies did not provide this data (23,30).
Therefore, a total of 2,259 respondents were included
(Table 2).
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Prescription regimen o
Author/ Coun-1 TS N | rRr PAT (N/ %) (N/ %) Membership in scientific
car tr (oro) | (pro) | (%) societies/ professional as-
Y Y P P 1 Yes | Mod. | No PreOp | PeriOp sfgp sociations
Salgado-Peral- . .

. 168/ | 132/ 31/ 110/ 91/ Spanish Society of Im-
2’2"033;” (21) | Spain | 1,460 | 303 | 20.8 | 55 40, [ 4360 | 317 [10.2% | 36.3% | 30% plants
Yalcin-Ulker et | Tur- 33/ 393/ 3/ 16/ 327/ 83/ . .
al (22)(2020) | key | 19903 429 [ 22| 5104 [91.6% | 33% | 3.7% | 76.2% | 19.49 | Turkish Dental Association

British Association of Oral
Surgeons, British Society
. f Prosthodontics, British
Williams R. 125/ | 75/ 29/ 64/ 96/ 40/ | CT R
(23) (2020) UK | UNS | 229 [UNS 559 | 30% | 139% | 28% | 42% 17% S001e.ty.of Periodontics,
Association of Dental Im-
plantology and Internation-
al Team for Implantology
Rodriguez- Neth- Royal Dutch Dental Asso-
Sanchez et al er- 902 | 151* | 24.0 660/ 79/0 5/0 47{, 83{) 13 / ciation and Dutch Associa-
(24) (2019) lands 4% |52:7% | 3:3% | 31.3% 1 35.4% | 8% | Yion of Oral Implantology
Rodriguez- .

. 134/ 25/ 1/ 29/ 116/ 14/ | Italian Academy of Osseo-
(Szasn)c?zeozl g; al | Taaly | 400 | 160 | 40 1 e3go: | 156% | 0.6% | 18.1% | 72.5% | 8.8% integration
Camacho- .

. 94/ [0/0% | 106/ 14/ 30/ 50/ College of Dentists of
3160)“(32"0%)“1 Spain | 2101200 1 9521 470, 53% | 7% | 15% | 25% Murcia
Camps-Font et . 211/ 36/ 17/ 94/ 100/
al (27) (2018) | Spain | 1,227 | 247 1 20.1 1 g5 40 1 0/0% | 14 604 | 6.9% | 38.1% | 40.4% UNS
Arteagoitia et . 207/ | 22/ 4/ 13/ 181/ 35/ . -
al (28) (2018) | Spain | 989 | 233 1236 1 gg gui | 9.4% | 1.8% | 5.6% | 77.6% | 15% | Biscay dentists” College

. 63/ 10/ Dental clinics identified
Khalil et al (29)| Swe- 98/ o 35/ o o 25/ .
2015) den 152 133 | 87.5 73.7% 0/ 0% 26.3% 47.4% | 7.5% 18.8% through S(ﬁ\;f;ggl;;elephone
Faculty of General Dental
Ireland et al 76/ 17/ 16/ Practice, British Society
(30) (2012) UK | UNS 109 JUNS | ¢970, | 15.6% | 14.7% | UNS [ UNS | UNS | Seperiodontology, British
Dental Association

TS: target sample, N: number of respondents, RR: response rate, PAT: preventive antibiotic therapy, Mod: prescription modulated by factors,
PreOp: exclusively preoperative prescription, PeriOp: perioperative prescription, PostOp: exclusively postoperative prescription, UNS: unspec-
ified by authors, pro: professionals surveyed, *The actual number of participants was 216, however, they analysed data from the 151 respondents

who regularly perform DIs.

- Professional characteristics

Respondents belonged to various scientific societies and/
or professional associations. In Spain: to SEI (21), Col-
lege of Dentists of Murcia (26,28) and Biscay dentists'
College (28). In Turkey to the Turkish Dental Association
(22), in the UK to the British Association of Oral Sur-
geons, British Society of Prosthodontics, Association of
Dental Implantology, International Team for Implantol-
ogy (23), British Society of Periodontics (23,30), Faculty
of General Dental Practice, and British Dental Associa-
tion (23). In Italy the Italian Academy of Osseointegra-
tion (25), in the Netherlands the Royal Dutch Dental
Association, and the Dutch Association of Oral Implan-
tology (24), and in Sweden they surveyed dental clinics

identified through the Swedish telephone directory (29).
Only one survey in Spain did not specify this data (27).
The gender distribution of respondents was very hetero-
geneous, with more men (n = 1,060; 46.9%) than women
(n = 495; 21.9%). Two studies did not provide this data
(n = 704; 31.2%) (22,27). Age distribution was not pos-
sible due to heterogeneity in the collection of this data.
Two surveys provided the mean age of respondents
(24,26), 4 grouped the age of participants by categories
(21,25,28,29), and 4 did not provide this data (22,23,27,30).
- DI procedures in which PAT was studied

Most of the surveys (n= 7) (22-25,28-30) asked generi-
cally about the type of PAT in DI procedures, so it may
refer to the placement of DIs without anatomical con-
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straints in healthy patients. Camacho-Alonso et al (26)
included a clinical scenario with images. Only two sur-
veys specifically asked about the prescription of PATs in
various types of DI procedures (21,26).

- Frequency of PAT prescription

Overall, the majority of European practitioners pre-
scribe PAT systematically for the placement of DIs
(mean: 60.8% =+ 24.1%) or occasionally in the presence
of certain factors (mean: 26.1% + 28.1%). Only 13.1%
+ 15.5% of respondents do not prescribe PAT in these
treatments. The countries that prescribe the most PAT
systematically are Italy (83.8%), Sweden (73.7%), Spain
(69.2%), and the UK (62.4%), and the least, Turkey
(5.1%) and the Netherlands (44%) (Fig. 2).

@ Yes () Mod. @No

UK

Antibiotics in oral implantolology

- Type of PAT prescribed

The overall data show that, in Europe, the most com-
monly used PAT is perioperative, i.e., before and after
surgery (mean: 46.7% = 24.3%), followed by postop-
erative PAT (mean: 20.3% + 9.7%). Preoperative PAT
is used in 15.6% + 14.2%. Sweden is the only coun-
try where the most frequent PAT is not perioperative
(7.5%) but preoperative (47.4%). The European country
that prescribes the most perioperative PAT is Turkey
(76.2%), followed by Italy (72.5%). The second most
widespread regimen is preoperative in three countries
(Netherlands [31.1%], UK [28%], and Italy [18.1%]) and
postoperative in two (Spain [mean: 27.6%] and Turkey
[19.4%)]) (Fig. 3).

Tu rkei

9L6

Sweden

73.7

Spain

Netherlands

Total EU

8 » - ©
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*Data for Spain and UK are an average of surveys conducted in these countries.
Mod: prescription modulated by factors.

Fig. 2: Distribution of the frequency of PAT prescription according to the country.
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*Data for Spain and the UK are a mean value of surveys conducted in these countries.
No PAT: no prescription of preventive antibiotic therapy; PostOp: exclusively postoperative prescription,
PeriOp: perioperative prescription, PreOp: exclusively preoperative prescription.

Fig. 3: Type of PAT prescribed according to the country.
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Preoperative PAT: type, dose and dosage

A total of 1,288 responses on preoperative PAT guide-
lines were recorded. Most practitioners start PAT im-
mediately before or 1 h before surgery (n = 708; 54.9%).
The most frequently used ATB being amoxicillin (n =
646; 91.2%), namely 2 g (n = 468; 36.3%) or 3 g (n =
135; 10.5%). The second most frequent regimen is PAT
initiated 1 or 2 days before surgery (n = 502; 39%), with
amoxicillin being the most frequently used ATB (n =
214; 42.6%), namely at a dose of 500 mg/ 3 times/day
(TID) (n = 89; 6.9%), followed by amoxicillin/ clavulan-
ic acid (n = 149/ 29.7%) and, more specifically, 875/125
mg/ TID (n = 77; 6%). Indeed, the actual data are higher
than reported, as Yalcin-Ulker et al (22) recorded the
prescription of amoxicillin and amoxicillin/ clavulanic
acid together (n = 129; 25.7%), with the most frequent
regimen being 1 g, 2 times/day (BID) (n = 124; 9.6%),
which would correspond to amoxicillin 1 g per se, and/
or amoxicillin/ clavulanic acid 875/125 mg (Supplement
1). The route of choice for all practitioners surveyed was
oral. Only one study (22) recorded a limited number of
practitioners (n = 9; 2.7%) who administered a PAT of
cephalosporins 2 g, 1 h before surgery, via intramuscu-
lar (IM) or intravenous (IV).

Postoperative PAT: type, dose and dosage

A total of 1,195 responses were recorded on postop-
erative PAT guidelines. Most respondents administered
PAT for 5 - 7 days (n = 731; 61.2%). The most commonly
used ATB is amoxicillin (n = 588; 49.2%) at a dose of
500 mg/ TID, for 5 (n = 97; 8.1%) and 7 days (n = 94;
7.9%). The second most used ATB is amoxicillin/ cla-
vulanic acid (n = 164; 13.7%), at doses of 875/125 mg/
BID, for 6 days (n = 44; 3.7%). The actual data are esti-
mated to be higher than reported, as Yalcin-Ulker et al
(22) recorded the prescription of amoxicillin and amoxi-
cillin/ clavulanic acid together (n = 379; 31.7%), with
the most frequent regimen being 1 g/ BID, for 5 days
(n = 215; 18%), which would correspond to amoxicillin
1 g per se, and/or amoxicillin/ clavulanic acid 875/125
mg. On the other hand, prescriptions from two studies
conducted in the UK (23,30) and Spain (27,28) could
not be recorded as they did not specify all postoperative
dosages used (Supplement 2). The route of choice for
all practitioners surveyed was oral. Only one study (22)
recorded a limited number of practitioners administer-
ing cephalosporins 1 g/ BID, for 5 days (n = 1; 0.3%)
and clindamycin 300 mg/ BID, for 7 days (n = 1; 0.3%)
via IM or IV.

- Antibiotic regimens in case of penicillin allergies
Half of the studies (n = 5) recorded the type of ATB of
choice in penicillin-allergic patients (n = 1,001; 44.3%)
(21,23,25,26,30). Of these, those carried out in the UK
(23,30) and Spain (21,26) mostly used clindamycin. Spe-
cifically, in Spain between 58.4% (n = 177) to 100% (n
= 200) of respondents prescribed it as their first choice,
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followed by azithromycin (n = 67; 22.1%) and erythro-
mycin (n = 57; 18.8%) and, to a lesser extent, clarithro-
mycin (n = 2; 0.7%). On the other hand, UK surveys re-
corded the preferred pre- and postoperative guidelines:
in the former, both surveys recorded a higher preference
for clindamycin 600 mg, 1 h before surgery (2012 (30):
n = 45; 43.3%; vs. 2020 (23): n = 27; 18%), while 15.4%
(n = 16) in 2012 (30) to 14% (n= 20) in 2020 (23) did
not prescribe ATB in allergic patients preoperatively.
Postoperatively, the most commonly used ATB was
metronidazole. In 2012 (30) the most commonly used
regimen was 200 mg/ TID, for 7 days (n = 10; 10%) and
400 mg/ TID, for 5 days (n = 10; 10%), while 13% did
not prescribe ATB (n = 13). In contrast, in 2020 (23)
the first choice was metronidazole 400 mg/ TID, for 5
(n = 14; 12%) and 7 days (n = 12; 10%), followed by
erythromycin 250 mg/ 4 times/day (QID) (n = 7; 6%)
and 500 mg/ QID (n = 7; 6%), both for 5 days. In Italy
(25) the most commonly used ATB in allergic patients
were macrolides (n = 94; 84%), of which 66% (n = 62)
prescribed clarithromycin. Five studies pooling 55.7%
of the responses (n = 1,258 participants) did not record
the ATB of choice in these patients (22,24,27-29).

- Quality assessment and risk of bias

Using the predetermined 10 domains for the method-
ological quality assessment according to the JBI Criti-
cal Appraisal Tool (16), we determined that 6 of the
10 studies were found to be of high-quality (21,22,24-
26,28), while 4 studies were of low-quality (23,27,29,30)
(Table 3).

Discussion

The prescription of PAT has become standardised in
DI treatments since the first protocols described by
Branemark (3) in which phenoxymethylpenicillin was
administered 1 h before surgery and for 10 days postop-
eratively. This is reflected by the fact that 60.8% of the
European professionals surveyed carry it out systemati-
cally. These data would not be too alarming as it is cur-
rently recommended to prescribe 2 or 3 g of amoxicil-
lin 1 h before the placement of DIs without anatomical
constraints (13). However, it is worrying that, except in
a survey conducted in Sweden (29), in the rest of the
European countries the most widespread PAT regimen
is perioperative, with the most frequent postoperative
duration being 5 to 7 days, which implies a greater
amount of ATB doses than recommended. These data
are confirmed by a systematic review and meta-analysis
published in 2020 (33) which showed that the mean dose
of PAT prescribed per DI surgery worldwide is 10,724
mg, which is significantly higher than the suggested
2,000 mg.

These data have to be interpreted in the context that the
routine prescription of PAT in healthy patients does not
present a justified benefit-risk ratio, as the reduction in
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Table 3: JBI Critical Appraisal Checklist.

Antibiotics in oral implantolology

Wil-
liams
R.(23)
(2020)

Yalcin-
Ulker et
al (22)
(2020)

Appraisal
questions

Salgado-

Peralvo

etal (21)
(2021)

Sanchez
etal (24)
(2019)

Rodriguez-

Artea-
goitia et
al (28)
(2018)

Khalil
etal
(29)

(2015)

Ireland
etal
(30)

(2012)

Camacho-
Alonso
et al (26)
(2019)

Rodriguez-
Sanchez
etal (25)

(2019)

Camps-
Font et
al (27)
(2018)

1. Was the sample
representative of the + ? + ?
target population?

+ + ? ? ? ?

2. Were study par-
ticipants recruited in + + + +
an appropriate way?

3. Was the sample
size adequate?

4. Were the study
subjects and setting + + + +
described in detail?

5. Is the data analy-
sis conducted with
sufficient coverage + ? ? +
of the identified
sample?

6. Were objective,
standard criteria used
for measurement of
the condition?

7. Was the condition
measured reliably?

8. Was there ap-
propriate statistical + + + +
analysis?

9. Are all the impor-
tant confounding
factors/subgroups/ + + ? -
differences identified
and accounted for?

10. Were subpopula-
tions identified using ? ? ? ?
objective criteria?

+ Yes, - No, ?, Unclear.

the probability of early DI failure is only 2% (4) and
PAT is not useful in preventing postoperative infections
(10). Furthermore, 93.2% of practitioners prescribe
ATB when they do occur (26), significantly increasing
the overall duration of ATB treatment. This not only in-
creases the risk of antimicrobial resistance, but also the
probability of idiosyncratic and dose-dependent adverse
reactions that may compromise the patient's life, it may
cause toxicity on various target organs, alterations in
the usual bacterial flora of the mucosa, and interactions
with other drugs that the patient is already taking. For
these reasons, there is much controversy regarding the
value of PAT in these cases. It should also be considered
that when ATB are prescribed for preventive purposes,
they should be administered preoperatively (at least 1 h

before surgery) to achieve an adequate blood concentra-
tion, sufficient to exceed the minimum inhibitory con-
centration by 2 to 4 times. Exceeding this therapeutic
range creates a window of selection for therapeutic over-
dose known as the "mutant selection window", which
modifies the susceptibility of bacteria to ATB, making
them resistant (34). The non-prescription of PAT could
also not be considered a wrong approach in healthy,
young, non-smoking patients, and in the presence of
certain techniques such as, possibly, guided surgery
which allows the placement of DIs in a minimally in-
vasive way without elevating mucoperiosteal flaps (35).
Futhermore, the classic choice for PAT in penicillin-
allergic individuals is clindamycin. However, in these
patients, a sensitivity test should be performed to allow
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a confirmatory diagnosis, as a recent systematic review
(36) found a 3-fold increased risk of early implant fail-
ure in patients with self-reported penicillin allergy. It
is therefore unknown whether this increased risk is at-
tributable to the use of clindamycin, to allergy per se, or
a combination of both factors.

Possibly the most effective antimicrobial stewardship
measure to modify current PAT prescribing habits is
through specialised training in ATB therapy in Oral Im-
plantology. In this regard, a significant reduction in the
number of routine PAT prescriptions (29) was achieved
in Sweden, as well as in their administration beyond the
day of the intervention. This improvement was achieved
following the publication by The Swedish Council on
Health Technology Assessment (2010) of recommen-
dations and a literature review, respectively, on PAT
prescription in these procedures. These findings are in
line with those reported by Camacho-Alonso et al (26)
in Spain, who observed that dentists with more than 10
years of experience who attended courses on ATB and
who read scientific articles prescribe significantly less
of these drugs. Furthermore, factors related to scientific
evidence, such as knowledge acquired during under-
graduate university studies, in postgraduate courses or
at conferences and congresses, reading scientific mate-
rial and published guidelines, are the most important
factors in decision-making. Therefore, efforts are need-
ed to promote the current recommendations on PAT in
DI procedures (13) to reach the maximum number of
professionals, such as informative talks, promotion at
congresses and scientific meetings, as well as the send-
ing of information leaflets with the indications for PAT
summarised so that professionals with a more clinical
profile are informed. These data become even more rel-
evant after learning that dentists who read publications
are more likely to prescribe a single dose of PAT than
those who do not and that a third of them will modify
their prescribing patterns (29).

For this systematic review, we took as a reference the
review published by Bernabeu-Mira et al (37) in 2021.
However, these authorsincluded in theirresearch surveys
conducted on professionals from all over the world pub-
lished up to 2020. In the present study, it was decided to
focus on current PAT prescribing habits in Europe. Thus,
the 6 studies included in the aforementioned article, as
well as 4 other publications in the last 3 years, were tak-
en into consideration. Therefore, the main difference is
the delimitation of the target population and the restate-
ment and updating of the object of study. In addition,
the SEI CPG (13) was subsequently published, making
it possible to compare the prescribing habits of profes-
sionals in Europe with those currently recommended.
One of the main limitations of the present study was
the heterogeneity between the different surveys, which
made it difficult to establish a comparison between
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them. Also, the vast majority of the studies did not ask
about the prescription of PAT in various DI procedures,
as the same guideline cannot be extrapolated to all in-
dications and, in addition, as they are based on surveys,
it is not possible to establish the veracity of the answers
provided by the participants. Future studies should be
aimed at investigating possible changes in PAT pre-
scribing habits to determine practitioner adherence to
current recommendations concerning specific DI pro-
cedures.

Conclusions

With the limitations of the present study, it can be con-
cluded that PAT is being inappropriately prescribed in
DI procedures. Recent recommendations suggest pre-
scribing 2 or 3 g of amoxicillin 1 h before the placement
of DIs without anatomical constraints, while the most
frequently used regimen in several European countries
is perioperative, with the most frequent postoperative
duration being 5 to 7 days, which implies a greater
amount of ATB doses. The most commonly used pre-
and postoperative ATB is amoxicillin and, in allergic
patients, clindamycin.
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