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1 | INTRODUCTION

A Cochrane systematic review of randomized controlled trials (RCTs)
highlighted the efficacy of prophylactic antibiotics in reducing early
implant failures at dental implant placement (RR 0.33, 95% Cl 0.16-
0.67) (Esposito, Grusovin, & Worthington, 2013). Nevertheless, also
considering the possible adverse reactions (rarely even fatal), the side
effects and the public health threat due to the antibiotic resistance,
the 2015 consensus conference of the EAO stated that antibiotic pro-
phylaxis should not be recommended in “straightforward” implant sur-
gery in systemically healthy patients (Klinge et al., 2015; Lund, Hultin,
Tranaeus, Naimi-Akbar, & Klinge, 2015; World Health Organization,
2014).

However, whenever antibiotic prophylaxis is needed, these and
other systematic reviews were not able to establish which type of an-
tibiotic, which dose and which regimen are to be preferred (Ata-Ali,
Ata-Ali, & Ata-Ali, 2014; Chrcanovic, Albrektsson, & Wennerberg,
2014; Esposito et al., 2013; Lund et al.,, 2015). In fact, even if dif-
ferent antibiotic prophylaxis protocols have been proposed in RCTs
versus placebo/no antibiotics, there is a lack of studies comparing
them to each other.

Considering that the risk of antimicrobial resistance increases
with longer regimens, it would be particularly important to deter-
mine whether shorter protocols are sufficient to prevent early
implant failures, or whether longer courses are to be preferred
(Harbarth, Samore, Lichtenberg, & Carmeli, 2000).

Recently, a new type of meta-analysis has been introduced in
dental literature: the network meta-analysis (NMA) (Buti, Glenny,
Worthington, Nieri, & Baccini, 2011; Tu & Faggion, 2012; Tu,
Needleman, Chambrone, Lu, & Faggion, 2012; Tu, Woolston, &
Faggion, 2010). Compared to conventional meta-analysis (“pair-
wise meta-analysis”), the NMA (Buti et al., 2011; John, Michalowicz,
Kotsakis, & Chu, 2017):

1. allows to compare more than only two interventions
simultaneously;
2. allows indirect comparisons among interventions even when

“head-to-head” studies (direct comparisons) have not been

conducted.

These two advantages are particularly relevant in the scientific
context of antibiotic prophylaxis at implant placement, characterized
by numerous protocols proposed (versus placebo/no antibiotic) but
few direct comparisons between them.

However, to the best of our knowledge, no NMAs have been al-
ready conducted to assess which is the best antibiotic prophylaxis pro-
tocol to prevent early implant failures. So that, this systematic review

of RCTs with NMA was designed to answer the following question:

“In patients undergoing dental implant placement,
which is the best antibiotic prophylaxis protocol to
prevent early failures?”
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Clinical Relevance

Scientific rationale for the study: Whenever antibiotic
prophylaxis at implant placement is needed, it is not clear
which type of antibiotic, which dose and which regimen
are to be preferred.

Principal findings: The protocol with the highest probability
of being the “Best” one to prevent IF was the single dose
of 3 g of amoxicillin administered 1 hr pre-operatively.
Even if the single pre-operative dose of 2 g of amoxicillin is
the most used, it achieved only a probability of 0.2% to be
the “Best” one.

Practical implications: The use of antibiotic prophylaxis is
protective against early implant failures, but there is still
insufficient evidence to confidently recommend a specific
dosage. However, the use of post-operative courses does
not seem to be justified.

Secondary, this study aims to obtain each “head-to-head” com-
parison between all the proposed protocols (even between those not
directly compared yet) and to verify the efficacy of any of them when

compared to placebo/no antibiotic.

2 | MATERIALS AND METHODS

2.1 | Reportand protocol

This systematic review is reported according to the PRISMA for Network
Meta-Analyses (PRISMA-NMA\) guidelines (Hutton et al., 2015).

A detailed protocol was designed by one review author
(MR) before the start of this study and registered on Prospero
(CRD42015029708).

2.2 | Inclusion and exclusion criteria

The inclusion criteria of this systematic review were organized by
the PICOS acronym.

(P) Types of participants. All type of patients undergoing dental
implant placement.

() Types of interventions. Any type of antibiotics, administered
pre-operatively, intra-operatively, post-operatively or combinations
of these, at any dose and for any duration.

(C) Comparison between interventions. All possible comparisons
among the included antibiotic types and posologies, including pla-
cebo and no antibiotic.

(O) Type of outcome measures. Early implant failures (removal of
mobile implants, or removal of stable implants caused by progressive
marginal bone loss or infection in the first year after placement) and/
or adverse events.

(S) Types of studies. Only RCTs of at least 3 months’ follow-up and
including at least 20 patients for each arm.
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No studies have been excluded on the basis of language, date of

publication or publication status.

2.3 | Search methods for identification of studies

2.3.1 | Electronic searches

For the search strategy of MEDLINE (via PubMed), we relied on
“Cochrane Highly Sensitive Search Strategy for Identifying rand-
omized trials in MEDLINE: sensitivity-maximizing version (2008 re-
vision); PubMed format” (Lefebvre, Manheimer, & Glanville, 2011).
We developed the other electronic searches appropriately revisiting
our strategy for MEDLINE (via PubMed).

The following electronic databases were searched:

o MEDLINE via PUBMED (up to 4 July 2017);

e SCOPUS (up to 7 July 2017);

e The Cochrane Central Register of Controlled Trials (CENTRAL) (up
to 4 July 2017);

e Web of Science (up to 4 July 2017).

The complete search strategies for all electronic databases
are reported in Appendix (Appendix S1-S4). We did not place any
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FIGURE 1 PRISMA 2009 Flow Diagram for study selection.
From: Moher, Liberati, Tetzlaff, and Altman (2009). For more
information, please visit www.prisma-statement.org. °Results of all
electronic databases summed; *Specialized Journals, Reference list
of included articles and relevant reviews, ClinicalTrials, OpenSIGLE,
NTIS; TReasons for exclusion reported in Table S1; TtFull data not
retrieved from the authors (see Table S2)

restrictions on language or date of publication when searching the

electronic databases.

2.3.2 | Handsearching and grey literature

The following leading implant journals were hand-searched in dupli-
cate by two review authors (CQ and MDA) up to 10 July 2017:

e Journal of Clinical Periodontology;

e Clinical Oral Implants Research;

e Clinical Implant Dentistry and Related Research;

e Journal of Periodontology;

e European Journal of Oral Implantology;

e The International Journal of Oral & Maxillofacial Implants.

Moreover, two review authors (MR and CQ) checked in duplicate
the bibliographies of all the included RCTs and of relevant review arti-
cles (Ata-Ali et al., 2014; Chrcanovic et al., 2014; Esposito et al., 2013;
Lund etal, 2015; Schwartz & Larson, 2007; Sharaf, Jandali-Rifai,
Susarla, & Dodson, 2011).

Finally, to explore ongoing trials and the grey literature, two re-
view authors (FC and IDT) searched in duplicate in ClinicalTrials (clin-
icaltrials.gov), in OpenSIGLE (opensigle.inist.fr) and in the National
Technical Information Service (NTIS—www.ntis.gov/) up to 12 July
2017 (search strategy reported in Appendix S5).

Each study identified by at least one review author through the var-
ious search strategies was involved in the next stage (study selection).

2.4 | Study selection

The titles and abstracts (when available) of all reports identified
through the electronic searches were screened independently by
two review authors (IDT and FC). For studies appearing to meet the
inclusion criteria, or for which there were insufficient data in the title
and abstract to make a clear decision, the full report was obtained.

The full reports obtained from all the electronic sources and the
other methods of searching were assessed independently by two re-
view authors (MR and MDA\) to establish whether or not the studies
met the inclusion criteria. Any disagreement was discussed by the
two review authors, and a third review author (GP) was consulted
when resolution was not possible. The reasons for exclusion of stud-
ies after the full-text analysis were recorded.

All studies meeting the inclusion criteria were then included and
underwent validity assessment and data extraction.

2.5 | Data extraction

Data from included studies were extracted by two review authors
(MR and FC) independently using predefined data extraction forms.
Any disagreement was discussed by the two review authors, and
a third review author (GP) was consulted when resolution was not
possible. If necessary, trial authors were contacted for clarification

or missing information.


http://www.ntis.gov/
http://www.prisma-statement.org

(sanunuo))

wn
0
(32}
P
58]
1 SOA SOA
m SOA SOA
I}
c
8
2
oN SOA
SOA SOA
SOA SOA
SOA SOA
SOA SOA
m SJUSAD  saun|ley
m aslanpy  juejdw
a
Z S3W02IN0 Pa}I3||0)
>
o
24

90S 605
91¢ oge

08 08
(0[0)% 00T
€ve 09¢
SOT SOT

08 08

pasAjeuy  paziwopuey

AjaAnesado-aid

iyt
‘A||eJo ogade|d

AjdAnesado-aud
1y T ‘Aj|eJo ogaseld

AlaAnjesado-aud
a1y T ‘Ajjedo
8 T ulpIxowy

sonolqiue oN

AjdAnesado-aud
ay 1 ‘Ajjeso
8. ulpixowy

AlaAnesado-aud
Jy T ‘Ajjedo ogade|d

1ue oN

|o13uo0)

AlaAnesado-aud
a1y T ‘Ajjedo 3 z uljjpixowy

AjpAnesado-aud
Jy T ‘Ajjedo 8 g uljjiaixowyy

9s0p dAljesado

-aud ayj sopeay g

paniels AjpAnesado-isod

Aep Jad sawi} 9a4y3

3w QOGS + AjpAnjesado-aud
Jy T soJad 8 T ujjjixowy

Aj@Anesado-3sod sAep /.
104 ‘Aep e 921M] A|elo

8 T ulIXOWY € 1S3
Aj@Anesado-isod
sAep / 1o} ‘Aep
e321M] 8 T + AjaAl3esado
-a4d 4y 1 ‘Ajjeso

8 Z uljjpIXowy g 3591
AlaAnjesado-aud
a1y T ‘Ajjeso

8 Z ulixowy T 1S3

Aj@Anesado-isod

sAep g 104

‘Aep e 921m] 8 T + A1aduns

Jo Aep ay3 Jo 3ulusans ayy

ul 3 T + AjoAnesado-aud
Jy T ‘Ajjedo 8 z uljjipixowy

AlaAnesado-aud
1y T ‘Ajjedo 8 g uljjidixouwy

AloAnesado-jsod sAep g
J0J ‘Aep Jad sawi} Jnoy
3w 00g + AjoAjesado-aud
JYTAeso8 g u

sjuedidiyied

SUojUIAAIRU|

(e11e3] soUBauULD
N2U9|N Ag pajeuop
s39|qe3 ogade|d
puesnoliqiue
93.) A|uo) oN
(erjey| souLULD
243N Ag pajeuop
s39|qe3 ogaoe|d
puednoiqiue
99.) Ajuo) oN

paJe|oap suoN

AN

AN

(1Lg :Auedwo)
juejdwy) ssA

paJe|doap auoN

(9dA1)
Suipuny [eusaix3

(saJjuad
o1)

syjuow {7 DU NN
(s213uad
17)

syuow 7  21IUININ
EFIIED]

syjuow g 9|3uIs
(s213u22 7)

syjuow £ 21IUNIA
(sequad 7)

Syuow QT dHUSdYNIN
(saaquad g)

syjuow € 21U NIA
EFIIES]

syjuow g 9|3uIs

o(S24anjiey SaJjuad

juejdwt) jo'oN

dn-mojjo4

ao130ead
19]|e1ed 91eAlld
9ao130ead
19]|e1ed 91eAlld
19]1eded  AJISI9AIUN
ao130ead
19]1e1ed 91eAlld
ao130ead
19]|e1ed 91eAlld
ao130ead
19]1e4ed 91eAlld
|19]jeded  AJISI9AIUN
usisag s3unles

(0102)
‘le1s
Aley ojisods3
(8002)
‘le1s
Aley ojisods3
elqely (¥102)
ipnes  Asjoyy-|3
(T102)
ERE)
Aley ozzeied)
(sT02)
‘le1s
Aley ounpJay
(6002)
‘le1s
uleds enjuy
(8002)
‘le1e
wniglag ee|-nqy
Auno)  adualasey

S2IPN}S PapN|dUl 83U} JO MIIAIDAO [BJUSD T F14AVL



386
= Lwiey- (R

(Continued)

TABLE 1

Collected outcomes

Participants

Interventions

Follow-up
(implant

Adverse
events

Implant

External funding

(Type)

No. of
centres

failures

Randomized Analysed

Control

Test

failures)®

Country Settings Design

Reference

No

46 Yes

50

Placebo orally

Amoxicillin 500 mg orally

Single 6 months None declared

University  Parallel

Iran

Moslemi

started just after
the surgery and

started just after the

centre

etal.

surgery and continued
every 8 hr, for 7 days

(2015)

continued every
8 hr, for 7 days

post-operatively (up to
finish 21 capsules)

post-operatively
(up to finish 21

capsules)

Yes Yes

83 55

Placebo orally,
1hr

Amoxicillin 3 g orally, 1 hr

NR

4 months

Single

University  Parallel

Ireland

Nolan

ROMANDINI ET AL.

pre-operatively

centre

et al.

pre-operatively

(2014)

Note. NR, Not Reported.

Last reported follow-up for implant failures, measured from implant placement; for details, refer to Table S5.

For each trial, the following data were recorded:

e General information: year of publication, correspondence details,
country of origin, setting (e.g. university, private practice).

e Methods: study design, number of centres.

e Participants: number of participants and their characteristics (age,
gender, smokers, bone reconstruction procedures), criteria for in-
clusion and exclusion.

e Interventions and comparisons: number of intervention groups,
types and posologies of the interventions, surgical technique,
type of implants, pre- and post-operative instructions.

e Outcomes: details of the outcomes collected (types, definitions,
time points).

e Results: number of participants allocated to each intervention
group, dropouts, characteristics of the patients in each group (age,
gender, smokers, bone reconstruction procedures), results for
each outcome considered (humber of events and patients for each
group).

e Study funding: information about possible study funding.

e Risk of bias (see the next section).

2.6 | Assessment of risk of bias in included studies

The risk of bias assessment of the included trials was completed
independently and in duplicate by two review authors (MR and
FC) as part of the data extraction process. Any disagreement
was discussed between the same two review authors, and a third
review author (GP) was consulted in case there was no further
agreement.

It was conducted using the recommended approach for assess-
ing risk of bias in studies included in Cochrane reviews (Higgins,
Altman, & Sterne, 2011) and reported using RevMan (version
5.3.5, Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014).

Briefly, in the first part, the risk of bias for the seven specific do-
mains was assessed for each included study. When for some domain
there was insufficient information to determine the risk of bias for a
trial (unclear risk of bias), we tried to contact the authors to obtain
more information; in case of further absence of exhaustive informa-
tion, we confirmed the category “unclear risk of bias.”

Due to the different intrinsic nature of the two outcomes consid-
ered (implant failures = objective; adverse events = subjective), the
risk of performance, detection and attrition biases within each study
were analysed separately in relation to each one of them. Then, we
made a summary of assessments of risk of bias within each study and
across all studies, separately for the two outcomes, using the “Possible
approach for summary assessment of the risk of bias” (Higgins et al.,
2011).

Due to the small number of included trials, no study was ex-
cluded on the basis of the risk of bias within a study; instead, the
risk of bias within studies and across all studies was considered in

the discussion.
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2.7 | Measure of intervention effect and
unit of analysis

Since all variables were dichotomous, the estimate of effect of an
intervention was expressed as odds ratio (OR) together with 95%
confidence interval (Cl).

The statistical unit was the participant. We used intention-to-

treat data whenever possible (Newell, 1992).

2.8 | Data synthesis and analysis

2.8.1 | Description of the available evidence

We firstly presented the characteristics of the included studies and
reported all the antibiotic prophylaxis protocols proposed and the
individual study results.

The available direct comparisons between different pro-
tocols were then illustrated through a network diagram. The
geometry of the network was described and analysed through
the probability of inter-specific encounter (PIE) index. We ex-
cluded from the NMA every trial not connected to the network

diagram.

2.8.2 | Assessment of transitivity

The transitivity assumption was evaluated conceptually scanning
for important differences in terms of inclusion criteria, patient and
intervention characteristics and methodology. Clinical and method-
ological heterogeneity was identified, and distribution of potential
effect modifiers was estimated.

Protocol A1 No antibiotics;

Protocol A2 Placebo;

Protocol B Amoxicillin 2 g per os, 1 hr pre-operatively;
Protocol C  Amoxicillin 3 g per os, 1 hr pre-operatively;

Protocol D Amoxicillin 2 g per os, 1 hr pre-operatively
+1 g twice a day, for 7 days post-operatively;

Protocol E  Amoxicillin 1 g per os twice a day,
for 7 days post-operatively;
Protocol F Amoxicillin 1 g per os, 1 hr pre-operatively

+ 500 mg four times per day,
for 2 days post-operatively;

Protocol G Amoxicillin 2 g per os, 1 hr pre-operatively
+1 gin the evening of the day of surgery
+1 g twice a day, for 2 days post-operatively;

Protocol H  Amoxicillin 500 mg per os started just after the surgery
and continued every 8 hr, for 7 days post-operatively

(up to finish 21 capsules);

Protocol | Amoxicillin 1 g per os, 1 hr pre-operatively;
Protocol)  Amoxicillin 1 g per os 1 hr pre-operatively
+ 500 mg three times per day post-operatively
started 8 hr after the pre-operative dose.
(a)
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2.8.3 | Assessment of inconsistency

In order to assess the presence of statistical inconsistency, both local
and global approaches were considered to be implemented. In case
of closed loops of interventions (both direct and indirect evidence
for intervention comparisons), consistency was planned to be evalu-
ated statistically through the loop-specific approach, through the
ifplot command on Stata (Salanti, Del Giovane, Chaimani, Caldwell,
& Higgins, 2014). To assess the global inconsistency, a design-by-
intervention interaction model was planned. However, due to the
large number of “no-event,” statistical calculation of inconsistency
factors was not possible. Because of the large contribution that in-
direct evidence had on the total estimate, NMAs were conducted
following an inconsistency model (Jackson, Barrett, Rice, White, &
Higgins, 2014).

2.8.4 | Meta-analyses of direct comparisons

In presence of at least two studies for a direct comparison (ei-
ther no antibiotics vs. antibiotics or among different protocols), a

meta-analysis was conducted and heterogeneity was estimated.

2.8.5 | Network meta-analysis (NMA)

We carried out a network meta-analysis to synthesize the available
evidence from the entire network of trials by integrating direct and
indirect estimates. We assumed that any patient who met the in-
clusion criteria was, in principle, equally likely to be randomized to
any of the eligible interventions. Protocols based on placebo or no
antibiotics were merged into a single group. An adjunctive network

G

e

(b)

FIGURE 2 (a) List of antibiotic prophylaxis protocols found. (b) Network diagram: Network of the eight protocols in relation to early
implant failures as outcome. Each node represents an antibiotic prophylaxis protocol, and its size is proportional to the number of patients
receiving each protocol, considering all the included studies. The lines refer to direct comparisons (the width of the lines is proportional

to the number of RCTs included for each comparison). Protocols | and J were not connected to the network. The calculated PIE was 0.8,
reflecting an acceptable diversity and no particular asymmetry. The network was of a polygon shape, including four triangular closed loops,

with the no antibiotic/placebo being the major comparator
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meta-analysis with larger groupings was also carried out, but it was
reported as Supporting Information as the results were inconclusive
and not informing (Appendix S7).

We also assessed the probability that each protocol was the most
efficacious regimen, the second best and so on, using the distribu-
tion of the ranking probabilities and the surface under the cumula-
tive ranking curves (SUCRA) (Salanti, Ades, & loannidis, 2011). We
planned to conduct subgroup and sensitivity analyses to investigate
the effect of different important variables and risk of bias. However,
we did not perform any of them because of the limited number of
included studies. All analyses were conducted in a frequentist frame-
work using network package and network graphs package on Stata 13
(StataCorp, College Station, TX, USA) (Chaimani & Salanti, 2015;
White, 2015).

3 | RESULTS

3.1 | Study selection

The flow diagram of the study selection process is reported in
Figure 1.

The search strategies provided a total of 2,248 citations after
duplicates removal. Of these, 2,226 studies were discarded after re-
viewing the titles and abstracts, confirming the broad nature of the
search. The full text of the remaining 22 citations was examined in de-
tail; however, 10 of them did not meet the inclusion criteria and were
then excluded (reasons for exclusion after full-text analysis reported
in Table S1).

We have also found other three unpublished trials to be
probably included in our systematic review (citations reported in
Table S2). However, despite our efforts in retrieving them, the au-
thors of those studies were not able to send us the full data, so it
was not possible to include them in our systematic review. Eight
studies involving eight trials met the inclusion criteria and were
then included (Abu-Ta'a, Quirynen, Teughels, & van Steenberghe,
2008; Anitua et al., 2009; Arduino, Tirone, Schiorlin, & Esposito,
2015; Caiazzo, Casavecchia, Barone, & Brugnami, 2011; El-Kholey,
2014; Esposito et al., 2008, 2010; Nolan, Kemmoona, Polyzois, &
Claffey, 2014).

One other study was included after searching the grey literature
and contacting the authors (Moslemi et al., 2015), for a total of nine
included trials, randomly assigning 1,693 patients in need of implant
placement to 10 different antibiotic prophylaxis protocols (including

placebo/no antibiotics).

3.2 | Characteristics of the included studies

Table 1 depicts the general characteristics of the included studies.
Seven of the included trials compared the use of one or more pro-
tocols of antibiotic prophylaxis with no prophylaxis or prophylaxis
with a placebo (Abu-Ta'a et al., 2008; Anitua et al., 2009; Caiazzo

et al., 2011; Esposito et al., 2008, 2010; Moslemi et al., 2015;
Nolan et al., 2014). The remaining two trials compared the use of
different protocols, without the use of a no prophylaxis/placebo
group (Arduino et al., 2015; El-Kholey, 2014).

The antibiotic type used in every trial was only amoxicillin
(without clavulanic acid): there were no trials looking at alternative
antibiotics. Doses and timing of doses varied, although most pro-
tocols used a single dose taken just before the implant placement
(Figure 2a).

Detailed characteristics of the included studies regarding
Participants, Study Procedures and Outcomes are reported, respec-
tively, in Tables S3, S4 and S5.

3.3 | Results of the individual studies

The results of the individual included trials regarding implant loss
and adverse events are reported in Table 2.

Only three trials compared different antibiotic prophylaxis pro-
tocols directly (Arduino et al., 2015; Caiazzo et al., 2011; El-Kholey,
2014), but all of them were underpowered to highlight statistically
significant differences.

The implant failure rate was 5.6% in patients not receiving anti-
biotics and 1.8% in the receiving ones. However, among patients not
receiving antibiotic prophylaxis, the failure rate changed a lot among
the included studies. In particular, Moslemi et al. (2015) (9%) and
Nolan et al. (2014) (17.9%) showed the highest implant failure rates in
patients not receiving antibiotic prophylaxis, especially if related to the
0% failure rate of their control groups. When a meta-analysis of direct
comparisons was done, the use of antibiotic prophylaxis was protec-
tive in terms of implant loss (OR = 0.28, 95% Cl: 0.14-0.55; heteroge-
neity chi-squared 4.14, p = 0.66), and the significance was maintained
also excluding the aforementioned studies (data not shown).

Generally, extremely few adverse events in people using antibi-
otics were reported (4 out of 947 patients receiving antibiotics) and
almost all of them (3) were related to the use of prolonged courses
(Arduino et al., 2015).

3.4 | Transitivity (similarity of participants,
interventions and trial methodology)

The evaluation of the transitivity assumption is reported in
Appendix Sé.

3.5 | Risk of bias within studies

The risk of bias within studies is depicted in Figure 3, and it changed
a lot after additional information kindly provided by the respective
authors.

For both the outcomes considered, two trials had to be consid-
ered at low risk of bias (Anitua et al., 2009; Esposito et al., 2010) and
seven at high risk of bias (all the others).
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However, methodological quality of the included studies was
generally good. Across all domains, 75.0% of judgements was “low
risk,” 3.6% was “unclear,” and 21.4% was “high,” with the majority of

high bias domains related to adverse events assessment.

3.6 | Network meta-analysis (NMA)

Due to the extremely few events reported, a NMA for adverse
events was not indicated. So that, the NMA was only performed for
implant failures. Moreover, Protocols | and J were not connected to
the network for IF, so it was not possible to include them in the NMA
(Figure 2b).

The network characteristics are reported in Table Sé: there were
28 possible pairwise comparisons in the network, but only 10 of
them were already directly tested in trials.

The effect size estimates for all the possible pairwise compar-
isons between the included protocols are reported in Figure 4. All
protocols were more effective in reducing implant failures compared
to placebo/no antibiotic (mean OR 0.08 to 0.45). Meta-analysis of
direct comparison was only possible for the four trials comparing
B to A (unpublished data), indicating B as more effective (pulled
OR=0.40, 95% Cl: 0.19-0.88; heterogeneity chi-squared 1.40,
p = 0.706). These results were consistent with NMA effect estimates
(mean OR =0.45, 95% Cl: 0.02-10.93).

The probability for each protocol to be the best in reducing im-
plant failures is reported in Table 3. The antibiotic prophylaxis proto-
col with the highest probability of being the best to prevent implant
failures was the Protocol C (single dose of 3 g of amoxicillin admin-
istered 1 hr pre-operatively) (PrBest=32.5%, SUCRA =74.1%).
This protocol was statistically more effective in reducing implant
failures if compared to no prophylaxis/placebo (OR =0.41, 95%
Cl =0.18-0.91).

The single dose of 2 g of amoxicillin administered 1 hr pre-
operatively achieved only a probability of 0.2% to be the best one.
Finally, the Protocol A (placebo/no antibiotics) was the least favour-
able out of the eight protocols tested (PrBest = 0%).

4 | DISCUSSION

4.1 | Mainresults

This systematic review with NMA of RCTs indicates the single
dose of 3 g of amoxicillin administered 1 hr pre-operatively as the
protocol with the highest probability to be the best to prevent
early implant failures. Even if a single dose of 2 g of amoxicillin
administered 1 hr pre-operatively is the most commonly used
protocol and is the one suggested by the Cochrane Collaboration
(Esposito et al., 2013), it achieved only a probability of 0.2% to be
the best one.

In the direct meta-analysis, the use of antibiotic prophylaxis was
protective in term of implant loss. Moreover, all the examined antibi-

otic prophylaxis protocols have shown a trend of increased efficacy

in reducing implant failures when compared to placebo/no antibi-
otic. These findings extend to each single protocol, what already
evidenced in a general manner in the Cochrane systematic review
on the efficacy of antibiotic prophylaxis in preventing early implant
failures (Esposito et al., 2013).

However, these results need to be interpreted with caution due
to the large ClI for the majority of protocols, attributable to the lack
in statistical power and heterogeneity among trials.

Moreover, even if it was not possible to carry out a NMA for
adverse events, there was a clear tendency towards the manifesta-
tion of adverse events mainly with the use of prolonged courses of
antibiotics. In fact, the majority of the reported adverse events (3)
were concentrated in the minority of patients subjected to the use
of post-operative antibiotics. This increase in adverse events was not
balanced by an increased efficacy in reducing implant failures with
prolonged courses.

The antibiotic type used in every trial was only amoxicillin
without clavulanic acid: there were no trials looking at alterna-
tive antibiotics. So that, there is no evidence of efficacy for pa-
tients who are not able to take penicillins (e.g., allergic patients).
Moreover, there is no evidence on the added benefits of clavulanic
acid, even if in many countries amoxicillin is mainly prescribed in

combination with it.

4.2 | Interpretation in the context of the
available literature

The findings of the present NMA corroborate the efficacy of all
single proposed antibiotic prophylaxis protocols in reducing early
implant failures, already evidenced in a general manner in other
available SRs (Ata-Ali et al., 2014; Chrcanovic et al., 2014; Esposito
etal., 2013; Lund et al., 2015). However, it was beyond the scopes of
this SR to draw indications whether or not to use antibiotic prophy-
laxis in the different clinical situations.

The main aim of this SR was to identify the best protocol among
the ones proposed, whenever an antibiotic prophylaxis is needed,
and it appeared to be the single pre-operative dose of 3 g of amox-
icillin. In this respect, our results are not directly comparable with
RCTs and/or other SRs. In fact, we only found four RCTs directly
comparing some of the different antibiotic prophylaxis protocols,
but no one of them was able to evidence statistically significant
differences due to a clear lack in statistical power (Arduino et al.,
2015; Caiazzo et al., 2011; El-Kholey, 2014), while the last one has
a 8-week follow-up and then it was not included (Tan et al., 2014).
Moreover, to the best of our knowledge, no previous NMAs have
been conducted on this topic. So that, our results partially fill the
gap in knowledge on the best protocol among the ones proposed,
already highlighted by the Cochrane Collaboration (Esposito et al.,
2013). However, our results are partially in disagreement with the
conclusions of the SR of the Cochrane Collaboration, which—in lack
of evidence—suggested the use of a single dose of 2 g of prophylac-

tic amoxicillin (Esposito et al., 2013).
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10 Other bias®

1 Random sequence generation (selection bias)

2 Allocation concealment (selection bias)

3 Blinding of participants and personnel (performance bias): Implant failures*
4 Blinding of participants and personnel (performance bias): Adverse events

5 Blinding of outcomes assessment (detection bias): Implant failures**

6 Blinding of outcomes assessment (detection bias): Adverse eventst

7 Incomplete outcome data (attrition bias): Implant failures

8 Incomplete outcome data (attrition bias): Adverse events

9 Selective reporting (reporting bias)

FIGURE 3 Risk of bias summary: review authors’ judgements about each risk of bias item. (a) Presented for each included study;

(b) Presented as percentages across all included studies. A green circle indicates a low risk of bias for the study regarding the specific
domain; a red circle indicates a high risk of bias; a yellow circle indicates that the risk is unclear. The three domains related to adverse
events were left empty for El-Kholey (2014) and Moslemi et al. (2015) as they did not collect adverse events. *Blinding of participants
and personnel was considered to be able to impact implant failures only when it was not implemented up to the end of the implant
placement surgery; **The lack of blinding for outcome assessment in some studies was considered not to be able to impact the
evaluation of implant failures, as it is an objective outcome; TFor RoB assessment, adverse events were considered as self-reported by
patients in all studies, so that the patients themselves were the outcome assessors for this outcome (detailed information about adverse
events assessment methods were not available for all of the included studies); ttSelective reporting was only evaluated in relation

to implant failures and adverse events; ~High risk of “Other Bias” explanation: Abu-Ta'a et al. (2008), in the case they used blocked
randomization (not reported), there was the risk to foresee allocation due to the lack of blinding personnel; Caiazzo et al. (2011), there
was baseline imbalance for age and gender; Esposito et al. (2008), there was baseline imbalance for gender and smoking; Moslemi et al.
(2015) used inappropriate administration of co-interventions (unscheduled immediate orthodontic loading at 1 implant which—after
this—failed); °Abu-Ta'a et al. (2008) reported how “Both the surgical team and the patients were blinded to the groups”: however, one of
the groups was not using any antibiotics, so patients were considered not to be able to be blinded (the authors kindly confirmed this)

Finally, our findings are in agreement with the general principle
that, without compelling evidence highlighting superiority of one
protocol, the responsible antibiotic use recommends the highest
dose for the shortest duration of time to reduce the risk of antibiotic
resistance (McGowan, McGowan, & lvanovski, 2018).

4.3 | Limitations and Strengths of the systematic
review and of the included studies

At the “systematic review” level, no important limitations could be
observed. However, some limitations need to be discussed at the
“available studies” and the “network meta-analysis” levels.
Regarding the “available studies,” only few published RTCs (9) were
found. Most of the included studies (seven out of nine) were at high
risk of bias for both the outcomes. However, it needs to be consid-
ered how one study (El-Kholey, 2014) was considered not to be at
low risk only because it did not collect adverse events, while another
one (Esposito et al., 2008) accomplished all the domains but it was not
possible to be considered at low risk because there was a clear base-

line imbalance, probably due to the reasonably justified dropouts.

Moreover, four studies reported only “available case” data
(Arduino etal., 2015; Esposito et al., 2008; Moslemi et al., 2015;
Nolan et al., 2014), some studies used no antibiotic instead of pla-
cebo (Abu-Ta'a et al., 2008; Caiazzo etal., 2011), and, as already
noted, the antibiotic type used in every trial was only amoxicillin
without clavulanic acid.

Post-operative posologies were often not reported in detail (e.g.
not clear if the post-operative antibiotic was started the same day of
the surgery or the following one).

In addition, adverse events appeared to have been collected
not systematically and, even after correspondence with authors,
often their assessment methods remained unclear (e.g. definitions, if
asked or self-reported, when and how): this could explain the lower
reported rates if compared with the medical literature (Tandan et al.,
2017). Moreover, there was generally a poor report of periodontal
conditions of participants and differences in the experience of the
operators and in pre- and post-operative procedures (e.g. sterility,
irrigation, one- or two-phase surgery, PRGF use in one trial, load-
ing protocols), which could potentially influence implant failures.

In addition, only one of the trials using post-operative antibiotics
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Comparison Mean OR with 95% CI
Bvs.A + 0.45 (0.02, 10.93)
Cvs. A —— 0.41 (0.18, 0.91)
Dvs.A —————H 0.08 (0.00, 1.48)
Evs.A . 0.18 (0.01, 4.04)
Fvs. A . 0.18 (0.01, 4.04)
Gvs.A ————— 0.13 (0.01, 2.65)
Hvs. A —_— 0.38 (0.09, 1.71)
Cvs.B +—————— 0.19 (0.01, 4.02)
Dvs.B + 0.45 (0.02, 10.93)
Evs.B + 0.45 (0.02, 10.93)
Fvs.B ¢ 0.32 (0.01, 7.18)
Gvs.B —— 0.94 (0.27, 3.29)
Hvs. B * 0.41 (0.02, 9.97)
Dvs. C * 2.37 (0.03, 169.40)
Evs.C + 2.37 (0.03, 169.40)
Fvs.C * 1.70 (0.03, 113.85)
Gvs.C + 4.94 (0.18, 134.33)
Hvs. C + 2.15 (0.03, 154.34)
Evs.D 1.00 (0.02, 52.36)
Fvs.D + 0.72 (0.01, 53.02)
Gvs.D + 2.08 (0.07, 64.23)
Hvs.D 0.91 (0.01, 71.77)
Fvs E * 0.72 (0.01, 53.02)
Gvs. E + 2.08 (0.07, 64.23)
Hvs. E 0.91 (0.01, 71.77)
Gvs. F + 2.90 (0.10, 82.45)
Hvs. F % 1.27 (0.02, 93.80)
Hvs.G + 0.44 (0.01, 13.52)

T T T

T
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FIGURE 4 Pairwise results of the network meta-analysis for early implant failures as outcome. Interval plot of pairwise comparisons of
the network on a logarithmic scale. The black solid lines represent the confidence intervals for summary odds ratios for each comparison.
The blue line is the line of no effect. “OR” is the odds ratio. A value of the “OR” >1 is to be interpreted as a difference in efficacy in favour
of the second protocol when compared to the first. Protocol A1: no antibiotics; Protocol A2: placebo; Protocol B: amoxicillin 2 g orally, 1 hr
pre-operatively; Protocol C: amoxicillin 3 g orally, 1 hr pre-operatively; Protocol D: amoxicillin 2 g orally, 1 hr pre-operatively + 1 g twice a
day, for 7 days post-operatively; Protocol E: amoxicillin 1 g orally twice a day, for 7 days post-operatively; Protocol F: amoxicillin 1 g orally,

1 hr pre-operatively + 500 mg four times per day, for 2 days post-operatively; Protocol G: amoxicillin 2 g orally, 1 hr pre-operatively + 1 g in
the evening of the day of surgery + 1 g twice a day, for 2 days post-operatively; Protocol H: amoxicillin 500 mg orally started just after the
surgery and continued every 8 hr, for 7 days post-operatively (up to finish 21 capsules)

implemented the use of compliance measures (Arduino et al., 2015).
Finally, all of the trials comparing different protocols were clearly
underpowered, not all the studies performed sample size calcula-
tions and—even when calculated—the planned sample sizes were
often not reached. Considering that to highlight an effect of antibi-
otics in reducing early failures a meta-analysis of 1,162 participants
was needed (no primary trial was able to evidence it) (Esposito et al.,
2013), it is likely that many thousands of patients are needed to dis-
cern differences among different doses and duration of the same
molecule (which are expected to be lower).

Regarding the “network meta-analysis,” the confidence intervals
were generally large (probably due to the high heterogeneity and
to the lack of statistical power). However, this problem represents
a common issue with the majority of NMAs (especially those with
dichotomous outcome measures).

Moreover, it was not possible to carry out a NMA for out-
comes different to IF, in particular for the adverse events. It
should be taken in account how, in the context of the protocols
found, adverse events could even be considered the primary out-
come, considering the little anticipated differences in efficacy be-
tween different doses and durations of the same antibiotic type
(amoxicillin).

In addition, another limitation is that many “O cells” were present
in the network meta-analysis, considering that the event “early im-

plant failure” has generally a low incidence.

Finally, a relevant limitation is that the protocol with the highest
probability to be the best one (single pre-operative dose of 3 g of
amoxicillin) was only tested in one included RCT. This trial (Nolan
et al., 2014) has in the control group (no antibiotic) an unusual high
incidence of implant failures (17.9%) when compared with the control

TABLE 3 Best, SUCRA and Ranking in relation to implant
failures as outcome

Protocol Best (%) SUCRA Mean rank
A 0.0 9.6 7.3
B 0.2 39.2 5.3
C 32.5 74.1 2.8
D 14.6 56.8 4.0
E 14.2 56.5 4.0
F 20.4 63.4 3.6
G 11 41.2 5.1
H 17.0 59.0 3.9

Notes. “Best(%)” is the probability for each of eight protocols to be the
best in terms of reducing implant failures.

“SUCRA" is the “surface under the cumulative ranking curve.” Larger
areas under the curve indicate better protocols in terms of reducing im-
plant failures.

“MeanRank” is the mean of the posterior distribution under the NM
model: as lower the values of the ranking as higher the position of the
protocol in the grading of efficacy (less implant failures).
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groups of the other included studies (5.6% as mean, the second one
is 9% of Moslemi et al., 2015). Moreover, it has only few included
patients (27 treated with the 3 grams of protocol), the surgeries
were all carried out by postgraduate students, and it was considered
at high risk of bias, in particular for the numerous exclusions after
randomization.

Despite these limitations, this represents the first SR with NMA
comparing all of the antibiotic prophylaxis protocols to prevent
early implant failures. Only RCTs were included, for a total of 1.693
participants. The systematic analysis of the literature was done
in accordance with the guidelines of the Cochrane Collaboration
(Higgins & Green, 2011). The intense search process allowed us
also to identify four trials in the grey literature, and to include in
our SR one of them which was previously ignored (Moslemi et al.,
2015). Moreover, the deep analysis of the included studies will be
crucial to guide future research in this field (see later).

In the absence of RCTs comparing directly the different proto-
cols and with enough statistical power, this study provides evidence
to partially fill this gap in knowledge. In fact, the advantages of
NMAs are particularly evident in the scientific context of antibiotic
prophylaxis at implant placement, characterized by numerous pro-
tocols proposed (versus placebo/no antibiotic) but few direct com-
parisons between them. The only better alternative to a NMA would
probably be to carry out RCTs with many thousands of participants,

but they are very difficult to achieve.

5 | CONCLUSIONS

5.1 | Implications for practice

The limited evidence available from RCTs suggests how:

o All proposed protocols have the tendency to reduce early implant
failures;

e The most suggested protocol (single pre-operative dose of 2 g
of amoxicillin) does not seem to be indicated by the available
literature;

e The use of post-operative antibiotics does not seem to be jus-
tified, as prolonged courses were associated with a tendency to
higher adverse events not balanced by an increased efficacy in
reducing implant failures;

e The single dose of 3 g of amoxicillin administered 1 hr pre-op-
eratively seems to be the best when an antibiotic prophylaxis
is required at dental implant placement; however, this protocol
was only tested in one single high-risk RCT with an unusual high
implant failure rate in the control group, so there is still insuffi-

cient evidence to confidently recommend this specific dosage.

5.2 | Implications for research

The findings of this SR highlight the need of future research in this
field. Priority should be given to:
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e RCTs—at least with a non-inferiority design—to compare anti-
biotics different from amoxicillin with the single dose of 3 g of
amoxicillin administered 1 hr pre-operatively, in order to gain
evidence on alternative molecules for patients not able to take
penicillins;

e RCTs to verify the presence of added benefits in using clavulanic
acid in amoxicillin formulations;

e RCTs to verify the efficacy of antibiotics—and to compare dif-
ferent protocols—in cases where implant failures are more likely
to occur (e.g. immediate placement, concomitant to the use of
bone-augmentation procedures);

e RCTs comparing prolonged antibiotic prophylaxis courses with the

single dose of 3 g of amoxicillin administered 1 hr pre-operatively.

When carrying out such studies, attention should be paid in partic-
ular to the following issues:

e Correct sample size calculations should be done prior to start
these trials and then accomplished;

e Clear reporting of posologies and measures of compliance should
be implemented;

e Whenever needed, placebo should be preferred to no antibiotics,
in particular because of the influence of that choice on patient-re-
ported adverse events;

e Concentrate on adverse events, in particular when comparing dif-
ferent amoxicillin-based protocols; they should be collected in a
standardized way, if possible through the use of diaries with spe-
cific questions, and their reporting should be clearer;

e Conditions able to influence implant failures (e.g. periodontal
conditions, smoking status, loading protocols) should be reported
meticulously, possibly considering their impact on the results

through multivariate analyses.
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