J Stomatol Oral Maxillofac Surg 123 (2022) 74-80

Available online at

ScienceDirect EM =3

www.sciencedirect.com

#;Stomatology
Oral & Maxillofacial
Surgery

Elsevier Masson France

www.em-consulte.com/en

Review

Preventive antibiotic therapy in bone augmentation procedures in oral | M)

Check for

implantology: A systematic review

Angel-Orién Salgado-Peralvo #>“*, Maria-Victoria Mateos-Moreno ¢,
‘Eugenio Velasco-Ortega ®, Juan-Francisco Pefia-Cardelles %, Naresh Kewalramani”

2 Master in Implant Dentistry, University of Seville, Seville, Spain

b Master’s Degree in Family and Community Dentistry, University of Seville, Seville, Spain

€ Collaborating Professor of the Master’s Degree in Family and Community Dentistry, University of Seville, Seville, Spain
4 Department of Clinical Dental Specialties, Faculty of Dentistry, Complutense University of Madrid, Madrid, Spain

€ Professor of Comprehensive Dentistry for Adults and Gerodontology, University of Seville, Seville, Spain

fDirector of the Master in Implant Dentistry, University of Seville, Seville, Spain

& Postgraduate Program in Oral Surgery and Implantology. Rey Juan Carlos University, Madrid, Spain

" postgraduate Program in Oral Surgery, Periodontology and Implantology, Rey Juan Carlos University, Madrid, Spain

ARTICLE INFO

Article history:

Received 7 December 2020
Accepted 11 January 2021
Available online 22 January 2021

Keywords:

Antibiotic prophylaxis
Antibiotics

Guided bone regeneration
Bone augmentation

1. Introduction

ABSTRACT

Introduction: Since the beginning of Oral Implantology, preventive antibiotic therapy has been routinely
prescribed. However, at present, due to the growing appearance of antimicrobial resistance, its use has
been questioned, generating a great debate and an emerging controversy. The present systematic review
aims to analyze the scientific literature to determine whether the preventive prescription of antibiotics
in augmentation procedures with the insertion of implants in one or two phases decreases the incidence
of postoperative infections and/or the survival rate of the implants.
Material and methods: The MEDLINE database was searched (via PubMed) with the following keywords:
(bone grafting OR alveolar ridge augmentation OR bone graft augmentation OR guided bone
regeneration OR bone block) AND (dental implants OR dental implant OR oral implantology) AND
(antibiotic prophylaxis OR antibiotics). The criteria used were those described by the PRISMA®™
Statement. The search was limited to randomised clinical trials, systematic reviews and meta-analyses
published in the last 15 years (2005-2020).
Results: After reading the titles and abstracts of the resulting articles, only one systematic review meeting
the described criteria and 4 randomised clinical trials were included.
Conclusions: Prescription of 2 or 3 g of amoxicillin one hour before surgery is recommended to reduce the
early failure rate of one-stage implants and to decrease the bacterial load of grafted bone particles in
bone augmentation procedures with one or two-stage implants.

© 2021 Elsevier Masson SAS. All rights reserved.

prescribed phenoxymethylpenicillin one hour before surgery
and for 10 days after to improve the early survival of dental

Preventive antibiotic therapy in Oral Implantology or, com-
monly referred to as “antibiotic prophylaxis”, was originally born
through its implementation in the first implant therapy protocol
described by Branemark et al. [1] These authors routinely
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implants. This trend was established due to the presence of more
than 300 bacterial species at the oral level in addition to other non-
cultivable microorganisms discovered by molecular biological
techniques [2] that may contribute to the occurrence of
postoperative infections. These practices have now been chal-
lenged and oral surgeons are faced with the dilemma of whether or
not to prescribe antibiotics preventively in bone augmentation and
implant insertion procedures, a controversial issue. The prescrip-
tion has been accepted to avoid systemic bacteremias [3] but also
to reach an adequate antibiotic concentration in the blood to
prevent bacterial contamination during the surgical act of the
implants or grafted material [4], even though in Oral Implantology
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surgical procedures are relatively uncontaminated as they require
the elevation of a flap to access the underlying bone in most cases
[5]. The American College of Surgeon’s [6] (Committee on Control of
Surgical Infections) developed a classification of surgical wounds
and the risk of infection. In this classification, bone and implant
procedures would fall into class 2 ("clean-contaminated wound"),
which show associated infection rates of 10-15%.

Despite this, the systematic prescription of preventive anti-
biotics in healthy patients does not have a justified risk-benefit
ratio [7-9]. The main reason is the increasing development of
bacterial resistance worldwide to virtually all known families of
antibiotics, resulting in a growing number of infections that are
becoming more difficult to treat due to the loss of efficacy of these
drugs [10]. The World Health Organization’s (WHO) Global
Surveillance System for Antimicrobial Resistance (GLASS) revealed
that 500,000 people in 22 countries are suspected of having
antibiotic resistance to Salmonella spp, Escherichia coli, Klebsiella
pneumonia, Staphylococcus aureus and Streptococcus pneumonia
[11]. Their consumption also increases the likelihood of idiosyn-
cratic and dose-dependent adverse reactions that can be life-
threatening [12].

The objective of this article is to carry out a systematic review of
the literature to determine the need for preventive antibiotic
therapy in bone augmentation procedures, with or without the
simultaneous insertion of dental implants, to reduce the incidence
of postoperative infections and, in the favourable case, to
determine the most recommendable type and pattern of anti-
biotics.

2. Material and methods
2.1. Search strategy

An electronic search of the MEDLINE database (via PubMed)
was performed using the following MeSH terms (Medical Subjects
Headings): (bone grafting OR alveolar ridge augmentation OR
alveolar bone graft augmentation OR guided bone regeneration OR
bone block) AND (dental implants OR dental implant OR oral
implantology OR dental implantology) AND (antibiotic prophylax-
is OR antibiotics).

The criteria used were those described in the PRISMA®™
Statement (Preferred Reporting Items for Systematic Reviews and
Meta-analysis). The primary objective was to answer the following
question "PICO" (P = patient/problem/population; I = interven-
tion; C = comparison; O = outcome) (Table 1):

In healthy patients who are going to undergo bone augmenta-
tion procedures, with or without the simultaneous insertion of
dental implants, does the prescription of preventive antibiotics
reduce infectious postoperative complications as opposed to not
prescribing them?

Table 1
Components of the PICO question.

P (participants/population) Healthy patients who have undergone bone
augmentation surgery with or without the
simultaneous insertion of dental implants
Preventive antibiotic therapy on the day of
surgery and/or extended postoperatively
Not prescribing antibiotics

Prescribing a placebo

Other antibiotics or antibiotic regimes
Same antibiotic with different dosage/duration
Infection

Increased bone gain

Rates of implants inserted in one phase

I (intervention/exposure)

C (comparison/control)

O (outcome)
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The secondary objective was to determine the type of
preventive antibiotic, dose and posology recommended in these
cases according to the available scientific evidence. Before starting,
inclusion and exclusion criteria were defined for the resulting
articles:

2.2. Exclusion criteria

(a) Experimental laboratory studies; (b) animal studies; (c)
studies whose main topic was not the prescription of preventive
antibiotics in bone augmentation procedures; (d) duplicate
articles; (e) books or chapters of books; (f) letters to the Editor;
and (g) comments.

2.3. Inclusion criteria

(a) studies conducted in humans; (b) articles published in
English or Spanish; (¢) meta-analyses; and (d) systematic reviews.
Due to the limited results obtained in a first search, (e) randomised
clinical trials (RCTs) were incorporated.

At the same time, a Google Scholar search was conducted for
articles that met the criteria described above. The bibliographic
references of the selected articles were analysed for publications
that did not appear in the initial search and might be of interest.

The search was temporarily restricted to the last 15 years
(2005-2020), and the search was updated on 07/07/2020.

2.4. Risk of bias

The risk of bias of the included studies was independently
assessed by two authors (AOSP, MVMM). In both data extraction
and risk of bias assessment, disagreements between the two were
resolved through the intervention of a third author (EVO).

3. Results

Systematic reviews and/or meta-analyses were included in the
initial search, however, given the small number of articles resulting
in MEDLINE (via PubMed) (n = 6), of which only one article met the
described criteria, it was decided to include RCTs in the search,
resulting in 14 articles. Two independent reviewers read the titles
and abstracts, excluding 10 for not meeting the criteria described.
After reading the full text of the remaining 4 articles, two related to
preventive antibiotic therapy in bone augmentation procedures
were included (one systematic review [13] and one RCT [14]). As an
complementary measure, after reviewing the references of these
articles and after an ancillary search in Google Scholar, 3 RCTs were
included [4,15,16] (Fig. 1 and Table 2).

The only systematic review found was the one published by
Klinge et al. [13] (2020) whose purpose was to assess whether
preventive antibiotic therapy reduces the risk of postoperative
infections in one or two-stage bone augmentation and implant
insertion procedures. These authors concluded that, due to the
small number of included studies, it was not possible to conclude
as to the need to prescribe these drugs beyond the day of surgery or
whether a single dose is equally effective. This is because the two
RCTs with low risk of bias on which it is based, both by Lindeboom
et al. (2005 [15], 2006 [16]), studied the effect of a single
preoperative antibiotic dose in both the test and control groups.
Specifically, the former group [15] studied the treatment with
600 mg of clindamycin one hour before the intervention in both
groups and, in the test group, also, 300 mg every 6 h, one-day
postoperatively versus placebo, in bone regeneration procedures
with blocks covered with collagen membranes. The results showed
non-significant postoperative infection rates in the recipient bed,
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augmentation OR alveolar bone grafting
OR bone graft augmentation OR guided
bone regeneration OR bone block) AND
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Fig. 1. PRISMA®™ flow diagram of the search processes and results.

Table 2

Randomised clinical trials (RCTs) that studied antibiotic prophylaxis in GBR procedures simultaneous or not to the insertion of implants (GBR, guided bone regeneration; g.,
grams; mg., milligrams; h., hour; SDD., statistically significant differences; Post-op., postoperative; Pre-op., preoperative; VAS., visual analogue scale; N., sample size; ATB.,

antibiotic).
Author(s)/year Bone augmentation procedure Sample size/ intervention Conclusions
TEST group CONTROL group

Payer et al. [14] (2020) GBR and simultaneous N=117 N=119 (1) No SDD in terms of pain, swelling, bruising
insertion of implants, with 2 g of amoxicillin, 1 h Placebo with the same and bleeding during days 1-7 and 14, measured
submerged or transmucosal before the operation, posology with VAS. (2) No SDD for pain, swelling, peri-
healing followed by 500 mg every implant stability, purulent drainage and

8 h during the 3 days after opening of stitches. (3) Higher rate of implant
the operation. success in the control group (99.2%) than in the
test (97.4%), without SDD.

Lee et al. [4] (2012) GBR with or without N=11 N=12 No SDD in the incidence of post-op infections.
simultaneous insertion of 2 g of 1 st generation 2 g of 1 st generation  These results should be interpreted with
implants. cephalosporin, followed by cephalosporin, caution given the small sample size.

1 g, 3 times/day, 3 days followed by a placebo
with the same dosage
as the test group

Lindeboom et al. [16] (2006) Mandibular ascending ramus N=75 N=75 The rate of post-op infections after a single pre-
bone block graft without the 2 g fenetylline 1 h pre-op 600 mg clindamycin op dose of ATB is low (despite not having
simultaneous insertion of 1 h pre-op achieved SDD and not comparing both groups
implants against placebo or without the administration

of antibiotics). The post-op prescription (24 h)
did not show SDD against the control group.

Lindeboom et al. [15] (2005) Ascending ramus or N =62 N =62 Prescription of a single dose pre-op of
mandibular symphysis bone 600 mg clindamycin 1 h 600 mg clindamycin clindamycin is effective in preventing post-op
block graft without pre-op, followed by 1 h pre-op, followed by infections (despite not having acquired SDD
simultaneous insertion of clindamycin 300 mg/ 6 h/ 300 mg/ 6 h/ 1-day and not having compared both groups against
implants 1-day post-op post-op placebo. placebo or without administration of

antibiotics). The post-op prescription (24 h) did
not show SDD versus control.

both in the control (3.2%) and test groups (4.8%), and in the donor
area (6.4% and 3.2%, respectively). All the infections appeared after
two weeks and in 100% of the cases. As a consequence of these
complications, the grafted material was lost. The average time of
the surgeries was 67.2 min. (£8.7) in the control group and

65.0 min. (+7.60) in the test. The longer the surgical time, the higher
the associated risk. These authors concluded that a single preopera-
tive dose of clindamycin is effective in preventing postoperative
infections in augmentation procedures. The second RCT [ 16] analysed
the occurrence of post-surgical infections in the donor and recipient
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area of collagen membrane-covered bone block grafts after the
administration of a single preoperative dose of 2 g fenethylline or
600 mg clindamycin. These authors estimated the presence of
postoperative infections in the recipient bed at 5.3% in the
fenethylline group and 2.7% in the clindamycin group, with no
significant differences. In all cases of infection, the grafted material
was lost. The infection rate in the donor area was 4% in both groups.
Most infections appeared after 2-3 weeks. In some cases, the surgical
wound opened at 7-8 weeks without clinical signs of infection,
causing partial resorption of the graft around the fixation screws of
the bone blocks. These authors concluded that a single antibiotic dose
is effective in preventing postoperative infections in augmentation
procedures.

Lee et al. (2012) [4] conducted a study similar to Lindeboom
et al. [15] (2005) in which they studied which dosage generated
less postoperative infections in patients undergoing guided bone
regeneration (GBR) with simultaneous or no implant insertion. To
this end, they administered 2 g of a first-generation cephalosporin
to all patients and, post-surgery, in the test group they prescribed
1 g of the same antibiotic, three times a day, three days versus
placebo. The results showed a lack of statistical significance in
terms of the presence of post-surgical infections in both groups
despite being 8% in the control group as only one patient
experienced such a complication (the sample size was very small,
with 23 participants in total). There were also no differences in
pain, inflammation, blood tests (number of white cells, neutro-
phils, lymphocytes and monocytes), erythrocyte sedimentation
rate and C-reactive protein value.

A recent study by the Antibiotic Study Group of the
International Team for Implantology (ITI) led by Payer et al.
(2020) [14] studied how the administration of 2 g of amoxicillin
one hour before surgery, followed by 500 mg of amoxicillin, every
8 h, during the 3 days following surgery and compared to a
placebo, affects the occurrence of post-surgical complications and
the patient’s perception of morbidity secondary to GBR with
simultaneous insertion of implants. Both groups received paracet-
amol every 8 h during the two postoperative days. These authors
suggested that systemic antibiotics do not provide any improve-
ment in the patient’s subjective perception of postoperative
discomfort after these procedures. This was concluded through
the Visual Analogical Scale (VAS), which assesses pain, inflamma-
tion, the presence of haematomas and bleeding during the period
examined (days 1-7 and at 14 days post-surgery). This group of
investigation also studied the appearance of complications
evaluated by an examiner (objective), such as pain, swelling,
implant stability, purulent drainage and closure of the flap at
weeks 1, 2, 4 and 12. More specifically, there were no significant
differences in the parameters measured by VAS when evaluated at
days 4 and 14, but differences were depending on the centre in the
first 3 days. Neither did they find significant differences in terms of
post-surgical complications in both groups. Despite this, the
suppuration in the control group was higher. In the test group,
three implants were lost, while in the control group only one, i.e.
survival rates were 97.4% versus 99.2% respectively (no significant
differences between both groups). They only used an implant
system with different lengths (8—12 mm) and diameters (3.30,
4.10 and 4.80 mm). The grafting material was the same in all
centres. From an objective point of view, there were no significant
differences between the two groups in terms of the parameters
studied, but from a clinical point of view, when evaluating the
"suppuration” factor, it was higher in the control group, which
could influence the prescription of systemic antibiotics in these
cases. These authors suggest that there is no evidence to
recommend routine antibiotic prescribing for these types of
interventions.
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4. Discussion

Sometimes, when the amount of residual bone is insufficient, it
is necessary to perform bone augmentation procedures before or
simultaneous to the insertion of the implants. The appearance of
infections in the grafted areas, associated or not with the exposure
of the barrier membranes, can negatively affect the vascularization
of the graft, jeopardizing the success of regeneration [13]. For this
reason, antibiotic prophylaxis is standardized in these cases even
though, as has been demonstrated, there is not enough scientific
evidence of sufficient depth to support it.

Of the 4 RCTs [4,14-16] included in this review, three of them
[4,15,16] prescribed both test and control groups a preoperative
dose of antibiotic, without comparing the administration of these
drugs with placebo or non-prescription of antibiotics, so the
conclusions drawn by these studies should be interpreted with
caution. The reason is that they refer to a previous study by
Lindeboom et al. (2003) [17] in which they concluded that the
prescription of antibiotics in bone augmentation procedures with
autologous bone blocks was necessary as the infection rate in the
control group (placebo) compared to the test group (which was
prescribed 2 g fenethylline) was 40%.

It is worth mentioning that they only included 10 patients in
each group, which is an excessively small sample, which was
defended by the authors as the high infection rate of the control
group did not justify continuing with the study. However, these
authors used the "t" for Student in the statistical analysis of their
primary comparison when, due to the small sample size and the
fact that there were no patients in one of the fields of the 2 x 2
table, Fisher’s exact test would have been the appropriate choice.
In applying such a test, the data would produce a p-value of 0.09,
therefore not significant [18].

The diagnostic criteria for infection in the different studies were
the presence of pain, inflammation [ 14], purulent drainage through
the incision line [14-16] or serosanguinous drainage and a positive
surgical bed culture for a known pathogen [15,16], spontaneous
opening of the stitches [14-16] or deliberate opening by the
surgeon if the patient had a fever, pain or localised tenderness and
a positive wound culture [15,16] and/or loss of implant stability
[14].

The results of the RCTs determined that infection of the grafted
material leads to its total loss [15,16] or partial loss (in the case that
there is an opening of the mucosa of the surgical area at 7-8 weeks
post-surgery without clinical signs of infection) [16] and, it is
suggested that, in the case of simultaneous insertion of the
implants, it could be a risk factor for the failure of osseointegration
because it could cause an increase of the local inflammatory
response [19,20]. When early exposure of the barrier membrane
occurs, differences in bone healing are significant compared to
cases where no exposure occurs [21]. One of the possible
etiological agents could be the high bacterial load present at the
salivary level reaching values of 109 CFU/mL [20,22-24]. Nowzari
and Slots [21] found that the prescription of amoxicillin combined
with clavulanic acid (500/ 125 mg) one hour before surgery
followed by 500 mg/ 12 h/ 8 days and chlorhexidine rinses at
0.12%, twice a day did not prevent bacterial contamination of the
exposed membranes. The reason could be that amoxicillin presents
an elimination half-life of 1-1.50 h [25], being effective in reducing
the oral flora until 12 h after administration [26]. Azithromycin, on
the other hand, presents a greater bioavailability, which makes it
interesting as a preventive antibiotic as it is found in concen-
trations of 224 and 203 mg/l in crevicular and peri-implant fluid
respectively, 13 days after surgery after a single preoperative
administration of 500 mg. It also has important effects on
inflammation and early healing by decreasing levels of granulocyte
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colony-stimulating factor (G-CSF), interleukins 6 and 8, macro-
phage inflammatory protein 18 (MIP-18) and interferon-induced
10 kDa protein, reducing mobilisation of granulocyte precursors
and recruitment of immune and inflammatory cells during the
healing phase [27]. Furthermore, the scientific literature is
unbiased in determining that systemic antibiotics administered
to healthy patients do not reduce the risk of infection in implant
insertion without anatomical conditions [28,29].

The risk of exposure of the membranes is higher in patients with
severe periodontal pockets compared to edentulous or periodon-
tally healthy patients, so it is especially important to remember
that all patients who are going to undergo surgical procedures
must be controlled at a periodontal level first. For this reason,
antibiotic prophylaxis has been suggested through associations
commonly used in the treatment of periodontitis. In this regard, a
group of experts established a series of recommendations for GBR
procedures at a symposium held in Bologna (Italy) in 2016,
suggesting the association of amoxicillin with clavulanic acid (2 g/
125 mg) and metronidazole 500 mg one hour preoperatively,
followed by amoxicillin with clavulanic acid (1 g +62.50 mg)/ 8 h/
7 days and metronidazole 250 mg/ 8 h/ 4 days postoperatively
[30]. Despite this, as has been seen, there is no scientific support for
this beyond the opinion of this panel of experts.

At present, the use of autologous bone grafts is still the gold
standard due to their osteogenic properties, which is why different
publications have analysed bacterial counts when extracting this
type of graft with various devices. The methods that produce
significantly less bacterial contamination are trephine [24], chisels
and gouge [23], compared to the bone collector and bone scraper
[24]. In the case of combining the bone collectors with another
aspirator that collects saliva, bacterial counts decrease by 58 per
cent [22]. Various mechanisms for decontamination of bone
particles have also been studied. Many of them have shown great
effectiveness, although with a negative effect on the preservation
of cell vitality. 10% povidone-iodine reduces CFU levels to 79% with
an average cell survival per gram of 9.60-105, thus maintaining a
viable cell population. To do this, the collected bone is immersed in
this compound by mechanically shaking it for 15 s in 5 consecutive
washes, waiting 15 min at the end of these washings for the bone
to dry out completely. Before implantation, it must be washed in
sterile saline. Another method to reduce contamination of the
surgical area is the administration of antisialogogues (such as
atropine sulphate [31]) to reduce salivary flow and thus offer less
possibility for bacteria to colonise bone particles [20], as well as the
prescription of chlorhexidine digluconate. This antiseptic has
demonstrated its effectiveness in reducing the bacterial load on
grafted bone particles by a factor of three (from 3.43-10° CFU to
0.72-10° CFU)[31] to 10 (from 1.50-10° CFU to 1.50-10% CFU)[32].
There is no doubt that it is useful, however, it generates some
controversy when taking into account the possible effect to the
detriment of the osteogenic potential of the collected bone. In this
sense, some studies have determined that chlorhexidine is
cytotoxic to alveolar bone cells [33] by inhibiting cell growth
and proliferation, osteoblastic cell lines and collagen synthesis in a
dose-dependent manner. Specifically, 0.005% chlorhexidine consti-
tutes 50% of its inhibitory concentration [34].

Maureci et al. [26] evaluated the effect of the administration of
1 g/62.50 mg amoxicillin/clavulanic acid orally one hour before
the intervention, compared to not prescribing antibiotics on
bacterial contamination of bone grafts. In both groups, no implants
failed or experienced infectious complications during the healing
period. Mean values of trypticase soy agar (non-selective solid
culture medium useful to isolate facultative and strict micro-
organisms from samples with mixed flora) were 1.71 (0.78-1.91)
in the test group and 2.12 (1.15-3.42) in the control group
(p = 0.018), while those of salivary agar mitis were 1.03 (0.60-
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1.78) and 1.62 (0.82-3.03), respectively (p = 0.201). Isolated
samples in both patient groups were also not significant
(p = 0.898). These authors suggest that antibiotic prophylaxis
reduces bacterial contamination of bone particles collected in
these cases.

Topical antibiotic treatment of bone particles is an interesting
option as it not only reduces their bacterial load but also provides
an antibacterial effect on the surgical site. [35] Petri and Wilson
[36] investigated the effect of using a demineralized bone allograft
combined in equal parts with a purified powdered gel to which
they added 1 mg of cephalothin and 1 mg of tobramycin in the
lower chordal filling compared to irrigation with sterile saline in a
split-mouth study. These authors found post-surgical infection
rates of 0 and 16% respectively, which may be explained by the
release of antibiotics during the first 6—8 hours postoperatively, at
which time a stable blood clot is formed in which the antimicrobial
gel would favour a pathogen-free environment. The concentration
of locally released surgical-bed antibiotics is higher than those
administered systemically, and significantly reduces the adhesion
and penetration of S. mutans and A. actinomycetemcomitans,
bacteria associated with early biofilm formation in barrier
membranes [37]. Despite this, further studies are needed on the
dose of the drug that can be tolerated at the bone level without
influencing the osteogenic process [38].

Another mechanism that can be useful alone or in combination
with the preventive measures described is the use of antibacterial
barrier membranes incorporating minocycline, [39] tetracyclines
[40,41], metronidazole [42] or metal ions (silicon, titanium or
silver) [43-46] that modify tissue response and the propensity of
bacteria to adhere to and colonise the membranes used in
regeneration [39]. Moreover, they can offer additional benefits
such as a delay in collagen degradation which helps prolong cell
exclusion and repopulation by progenitor cells. Tetracyclines are
the most widely used agents because of their broad spectrum of
action, efficacy and safety. In addition to their antibacterial
activity, tetracyclines have anti-inflammatory effects that promote
wound healing, reduce bone resorption by inhibiting osteoclast
differentiation and promote bone apoptosis. They also inhibit
matrix metalloproteinases (such as collagenases), which play an
important role in connective tissue and collagen barrier membrane
damage [47]. Besides, in vivo studies, have shown an increase in
bone regeneration when using tetracycline-containing membra-
nes, specifically doxycycline, by reducing bacterial overgrowth in
contaminated rat tibia defects compared to untreated collagen
membranes [41]. Research concerning the study of antibiotic-
modified and enriched membranes is showing promising results,
especially in extensive bone defects or clinical situations with an
increased risk of infectious complications. However, they are in an
experimental phase and RCTs are needed to confirm these results
in humans [48].

Most of the RCTs included [4,15,16], with the above-mentioned
biases, determine that one dose of antibiotic is sufficient to prevent
postoperative infections after regeneration with intraoral block
bone grafts and that postoperative doses are not justified in these
cases. The remaining RCT of adequate methodological design
determined that antibiotic prophylaxis was not necessary for the
insertion of implants with simultaneous GBR [14]. The study of
antibiotic prophylaxis in healthy patients without anatomical
conditions is widely studied. In this sense, since in clinical practice
a large number of implants require associated GBR in many cases
not planned preoperatively, it would be prudent to prescribe, until
further studies are performed, the dose recommended by a recent
network meta-analysis [28] of 2 or 3 g of amoxicillin one hour
before the intervention to prevent early implant failure. In the case
of two-stage implant insertion, it could be interesting to adopt the
same strategy to reduce bacterial contamination of the grafted
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bone particles by decreasing the salivary bacterial load. Other
methods designed for this purpose are preoperative chlorhexidine
digluconate rinses, administration of antisialogogues, treatment of
the grafted bone particles with topical antibiotics or the use of
antibacterial membranes.

Future lines of research should aim at performing RCTs
comparing infection rates, the level of bone formation achieved
after regeneration and, in the case of inserting the implants
simultaneously with bone augmentation procedures, their survival
rates in patients prescribed preventive antibiotics versus placebo
and versus non-prescription of antibiotics in the most aseptic
conditions. It is also interesting to know the effects of using topical
antibiotics mixed with graft biomaterials and/or antibacterial
barrier membranes compared to not using them or not prescribing
preventive oral antibiotics.

5. Conclusions

In general, there is a lack of studies on the effect of antibiotic
prophylaxis on the prevention of postoperative infections after
bone augmentation with or without the simultaneous insertion of
dental implants. Given this situation, the authors recommend
administering a single dose of 2 or 3 g of amoxicillin one hour
preoperatively to reduce the failure rate of implants inserted in one
phase, as well as to reduce the degree of bacterial contamination of
the grafted bone particles both in these cases and in two phases
implants since, in the case of postoperative exposure of the
membranes, the prescription of antibiotics does not prevent
bacterial contamination of the exposed membranes. The prescrip-
tion of antibiotics in these cases is done to decrease the bacterial
load in a perioperative manner and to reduce the contamination of
the surgical bed during the regenerative procedure and the
immediate postoperative period.
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