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Antibiotic prophylaxis for implant placement: a systematic
review of effects on reduction of implant failure

Andy (Seongju) Kim,' Nancy Abdelhay,? Liran Levin,? John D. Walters* and Monica P. Gibson*3

Key points

Importance of antibiotic prophylaxis in preventing
implant failure.

Abstract

Different types of antibiotics used for prophylaxis.

Future considerations in antibiotic use for
preventing early implant failure.

Introduction Despite excellent reviews in the past several years, the use of antibiotics as prophylaxis for implant placement

remains controversial.

Aim To assess the literature on the efficacy of prophylactic antibiotics prescribed prior to and immediately following implant

surgery (PIFS).

Outcomes Whether administration of antibiotics reduced implant failure and post-operative complications.
Design Databases searched were PubMed and Medline via Ovid (1946 to February 2018), Cochrane Library (Wiley) and

Google Scholar.

Materials and methods Quality assessment, meta-analysis with a forest plot and incorporated assessment of heterogeneity.
A two-tailed paired t-test was performed, analysing differences in mean failure rates between groups.

Results Fourteen publications were collected; 5,334 implants were placed with pre-operative antibiotics, 82 implants with
antibiotics PIFS and 3,862 placed with no antibiotics. The overall risk ratio (RR) was 0.47 (95% Cl 0.39-0.58), with the
implant failure rates significantly affected by pre-operative intervention (Z = 7.00, P <0.00001). The number needed to treat
(NNT) was 35 (95% Cl 26.3-48.2). The difference between mean failure rates was statistically significant (P = 0.0335).

Conclusion Administering prophylactic antibiotics reduced the risk of implant failures. Further investigations are
recommended to establish a standardised protocol for the proper use of antibiotic regimen.

Introduction

Antibiotic prophylaxis is standard practice
for numerous surgical procedures in
immunocompromised patients and in patients
with significant co-morbidities.! Since most
patients undergoing dental implant placement
are relatively healthy and do not have significant
medical risk factors, the use of antibiotic
prophylaxis for healthy patients has not become
standard practice. Although current literature
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outlines long-term studies showing the efficacy
of a single-dose antibiotic in reducing early
implant failure, the use of antibiotic prophylaxis
and choice of agent remain controversial.
The primary concern involves conflicting
viewpoints that antibiotic prophylaxis may or
may not be as effective as traditionally believed.
Xu et al. expressed concerns about the difficulty
of limited information available to practitioners
for stringent control of post-operative
complications following implant procedures.?
Furthermore, current literature demonstrates
significant variability among practitioners’
antibiotic prescribing patterns, prompting the
need to assess how varying interventions affect
the overall success of implant operations.?
Dental implants generally exhibit high
initial success rates, but failures occur
occasionally.’ Implant failures during the early
wound-healing period involve inflammatory
breakdown at the surgical site, causing tissue
scarring and poor osseointegration.* One of
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the major disadvantages of these sequelae is
the loss of hard and soft tissue at the implant
site, which renders significant challenges to
the surgeon for future implant placements. A
retrospective analysis by Pyysalo et al., in 2014,
demonstrated fewer numbers of early implant
failures among those that were placed under
antibiotic treatments.’

Despite these reviews, implant placement
protocols presently still lack guidelines that
would ensure consistent and successful post-
implant wound healing.

The Canadian Dental Association (CDA)
has emphasised the importance of prophylactic
antibiotics in managing the risk of infections
associated with surgical procedures.® The
conflicting viewpoints are related to concerns
that over-prescribing antibiotics can promote
the development of antibiotic-resistant
bacteria."*” Moreover, different regimens
outlined in the literature regarding antibiotic
type, dosage and the time of administration
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Fig. 1 PRISMA flow diagram of literature search strategy, including identification,
screening, eligibility examination and final inclusion. The number of records identified
during initial search represents the sum of all papers collected through each electronic

database

386# of records identified
through database searching
Pubmed =271

Medline via Ovid = 11

retrieving

24 of additional records
identified through manual

Google Scholar = 100
Cochrane =4

[ 181# of records after duplicates removed ]

[ 181# of records screened

]—} [ 148# of records excluded ]

|

[ 334# of full-text articles assessed for eligibility ]—} ‘ 19# of full-text articles

.

excluded with reasons

144# of studies included in quantitative
synthesis (meta-analysis)

have all contributed to heterogeneity in
antibiotic prescribing patterns.® For instance,
Ata-Ali et al. described antibiotic prophylaxis
as necessary to provide pre-operative
protection against infections and reduce the
frequency of implant failures.” Escalante et al.
also supported the benefits of prophylactic
antibiotic practices in implant surgery,
reducing the possibility of developing post-
operative infections at the surgical site.* Ahmad
and Saad, however, suggested that practitioners
must administer prophylactic antibiotics with
caution and only when determined to be
appropriate, not merely as a general measure.!
Over-prescription of antibiotics may not only
promote the emergence of antibiotic-resistant
microorganisms; it could also induce toxic
effects and hypersensitivity reactions.'’

A considerable number of studies have
previously reported ambivalent results,
causing many to question the benefit of
antibiotic prophylaxis. Limited evaluations
on the importance of prophylactic antibiotics
warrant further research, as the practice
directly influences patient outcomes and care,
associated costs, suggested lines of management
and subsequent treatment planning in
implant procedures. This systematic review
thus aims to assess the efficacy of antibiotic
use, chiefly involving administration before
and immediately following dental implant
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surgery. We also aim to examine how current
viewpoints on antibiotic practices in implant
dentistry compare to the observed success
rates of implants with or without the use of
antibiotics.

Materials and methods

Search strategy

A literature search was conducted in February
2018, across the four electronic databases:
PubMed and Medline via Ovid (1946 to
February 2018), Cochrane Library (Wiley,
February 2018) and Google Scholar. No time or
language restrictions were applied to attain the
maximum number of results regarding implant
dentistry. Manual record searching across
dental journals and other relevant databases
generated additional literature more specific to
the review focus. Several keywords were used
during the search process, generating records
pertaining to dental implants and implant
failures. A detailed summary of search method
and keywords is shown in Appendix 1.

Selection of studies

The screening standard was duplicated
independently by two review authors. Primary
screening involved examining the title and
abstract of generated records. Full-text studies
that seemed to meet the criteria were included

and further assessed. The two review authors
independently carried out secondary screening
of the remaining records, involving assessment
of study methods, results and discussions.
Final selection of studies was made by
discussion between authors under population,
intervention, comparison and outcome (PICO)-
based inclusion/exclusion criteria.

Inclusion and exclusion criteria (PICO)

The population of interest included all patients
in need of implant placement and patients
referred/scheduled for implant surgery.
General inclusion criteria were medically
and orally healthy adults (>19 years of age)
who were non-smokers or light smokers (<5
cigarettes a day), had no existing periodontal
disease or oral infections, and had no
procedures that required antibiotic dosage
before implant treatments.

Interventions were standard oral implant
procedures in conjunction with a single-dose
antibiotic administered pre-operatively or
immediately following surgery (PIES).

Comparison involved the effects of pre-
operative antibiotics and PIFS versus the effects
of no antibiotics/placebo on implant failure
rates. Experimental studies directly pertaining
to implant failures in the presence/absence
of antibiotic prophylaxis were examined for
data extraction. Included study types were
randomised controlled trials (RCTs), clinically
controlled trials (CCTs) and prospective/
retrospective clinical studies (PCS/RCS). For
meta-analysis, included study designs were
RCTs and CCTs.

Outcomes of interest were implant failure
rates with or without different types of
prophylactic antibiotics.

Subsequently, patients were excluded if
they possessed present medical conditions
requiring antibiotic administration, were
immunodeficient, had allergies to certain
antibiotics, were non-adults (<19 years of
age), were pregnant, or have had prosthetic
procedures or endocarditis treatment
previously (P). Treatment groups that
involved long-term administration of post-
operative antibiotics (duration of 2-7 days
following surgery) were excluded (I). Studies
without treatment interventions such as
reviews, case reports and commentaries were
excluded (C). Finally, records were excluded if
they did not reflect the assessment of implant
failures, if they had different populations of
interest and if studies had different outcomes
of interest (O).
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Table 1 The summary of specifics in each study, including follow-up durations, study designs, outcomes and interventions allowed

Date of Study . Outcomes of . . . Secondary
Author publication | type Check-up durations investigation Primary intervention intervention
A
a) Pre-op vs no pre-op
Dent et Four months for Failed implants: did not b) Peterson recommended dose of pre-op
o 1997 RCT mandibular anterior and osseointegrate during stage | | vs no or inadequate dose of pre-op NS
’ six months for other sites | and stage Il periods ¢) AHA dose of pre-op vs inadequate or
no pre-op
Esposito et Post-operative follow-ups | Post-op complications: loss 2 g amoxicillin ane hour prior to surgery
IS 2008 RCT after one week, two of implants/prostheses and NS
al. vs placebo
weeks and four months other adverse events
. Post-operative follow-ups Post-op infections, implant I~ .
An&tua et 2009 RCT after three days, ten days, losses and other adverse 2 g amoxicillin one hour prior to surgery NS
al. one month and three vs placebo
events
months
a) Pre-op vs no pre-op
Laskin et 2000 ccT Thirty-six months of Failure of osseointegration b) Peterspnéecommednded (fiose i g 0.12% chlorhexidine
al.® follow-up during several healing stages Ys no or inadequate dose of pre-op pre-op for one minute
’ ¢) AHA dose of pre-op vs inadequate or
no pre-op
a) Pre-op yes/no
. . Survival rates of Implants b) AHA-90 pre-op adequate/inadequate
Morris et Three to five years of } ; e dose
2 2004 ccT and which regimen exhibited ' NS
al. follow-up after surgery oy X ) AHA-97 pre-op adequate/inadequate dose
better clinical survival ; :
d) Peterson’s-1990 adequate/inadequate
dose
: Post-op evaluation at Pain, swelling, erythema and e vl 7 0 .
Blnarlzned 2005 pCS weeks one and two, and | purulence One hour pre-op: pemallm Vintravenous | 0.12% chlorheX|d_|ne
etal. : ) or 600 mg clindamycin orally pre-op for one minute
before surgical uncovering
. Six months for upper jaw . e -
Kazsshanl et | 5005 RCS and three months for Implant survival rate: failure | 2 g phenoxymethyl penicillin one hour NS
al. | X due to non-osseointegration | pre-op and same dose post-op
ower jaw
Esposito et Post-operative follow-ups | Post-op complications: loss 2 q amoxicillin one hour prior to surger
5)9 2010 RCT after one week, two of implants/prostheses and 9 P gery NS
al. vs placebo
weeks and four months other adverse events
B
0.12% chlorhexidine
Post-op evaluation at Pain, swelling, wound Groun one: 1 a single-dose oral amoxicillin mouthwash for one
El-Kholey* | 2014 PRCT three days, seven days dehiscence and pus pone: 19 sing minute before surgery
; el o one hour prior to surgery :
and 12 weeks formation at surgical sites and for five days
post-operatively
Followed up to six months Prosthetic/implant failures, Protocol A: 2 g amoxicillin one hour before
Arduino™ | 2015 RCT : : ! adverse events and early N X L NS
after implant installation h I surgery with no post-operative antibiotic
post-operative complications
E\Ilgngir?f pt())rSLL;E el Test group: 3 g amoxicillin one hour prior | 0.2% chlorhexidine
0 Follow-up on day two and 9 9 to surgery mouth rinse pre-op
Nolan 2014 RCT h suppuration and wound .
day seven post-operatively ; . : Control group: placebo capsules one hour | for at least 60
dehiscence. Failure defined . d
by failed intearation prior to surgery seconds
y failed osseointeg
(i) pre-op 2 g amoxycillin one hour before
Examined over eight Pain, swelling, bruising and | surgery 0.2% chlorhexidine
Tan' 2014 RCT weeks after implant bleeding (ii) post-op 2 g amoxycillin immediately pre-op for one minute
installation after surgery
(iv) pre-op 2 g of placebo
T Followed post-op at Pain, wound infection,
. - one week, one month dehiscence, adverse events Group A: 2 g amoxicillin single pre-op
Karaky 20M (quasi- ol : e NS
and beginning of the possibly related to antibiotics | dose
random) ; - )
prosthetic stage and early implant failure
0.2 % chlorhexidine
Follow-ups after one, two, | Internal/external edema, Group 1: 2 g amoxicillin one hour prior to | pre-op for one
Caiazzo® | 2011 PRCT four and eight weeks, and | internal/external erythema, surgery minute and 100 mg

Key:

three months

pain, heat and exudate

Group 4: No antibiotics given

nimesulide twice daily
for three days

AHA = American Heart Association; CCT = controlled clinical trial; NS = not specified; PCS = prospective clinical study; PRCT = pilot randomised controlled trial; RCS = retrospective clinical study;
RCT = randomised controlled trial
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Fig. 2 a) Overall risk of bias assessment: review authors’ judgements on each risk of bias factor presented as percentages across all included
studies. Following the Cochrane systematic review guidelines, studies were assessed among the seven primary domains. b) Individual risk of
bias assessment: review authors’ judgements about each risk of bias factor among the selected studies. Seven domains were analysed for

each record and final judgements were made by discussion between authors

®

M Low Unclear M High

50% 75%
Risk of bias

1l
25%

Risk of bias assessment

The risk of bias assessment for included RCTs
was performed following the guidelines of the
Cochrane Handbook for Systematic Reviews
of Interventions.'"'? The criteria used in
the assessment consisted of seven domains:
random sequence generation, allocation
concealment, blinding of assessors, blinding
of outcome assessment, incomplete outcome
data, selective reporting, and other bias. A
study was determined to be at low risk of bias if
it satisfied all of the above criteria, at moderate
risk of bias if a study did not satisfy one of the
above criteria, and at high risk of bias if two or
more domains were not satisfied.

Data extraction

The data extraction process was duplicated
independently by two authors and then double
checked between two authors to validate the
gathered information. Any disagreements were
resolved by discussion or consulting with other
review authors.

Data synthesis and statistical analysis

The methodology was reviewed by an
independent statistician from the Strategy for
Patient-Oriented Research (SPOR) networks.
The meta-analysis was performed using RevMan
5.3, constructing a forest plot with I statistic
to analyse variability due to heterogeneity
among the gathered studies. Relative weights of
included studies were expressed in percentages
and the risk ratio (RR) with 95% confidence
interval (CI) was computed per study or

946

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome data (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

100%

subgroup. Lastly, a two-tailed paired t-test
was performed to further confer statistically
significant differences between the two groups
of interest. The overall effect of pre-operative
antibiotic prophylaxis on implant failure rates
was displayed using a bar chart.

Results

Gathered literature

A summary of the search process is shown in
Figure 1. The search protocol across the four
databases resulted in 386 records. Manual
searching across dental journals identified
two additional full-text studies eligible for
assessment. One hundred and eighty-one
records remained after removal of duplicates
and were screened via reading title and
abstract, subsequently rendering 33 studies.
Further evaluation employed final screening
based on PICO inclusion/exclusion criteria,
yielding a total of 14 relevant studies available
for inclusion.

Study design and interventions

A detailed summary of the included studies
is shown in Tables 1 and 2. Data extraction
identified seven RCTs,!>»14151617.1819 three
CCTs, 2?22 two pilot randomised controlled
trials,>* one PCS? and one RCS.?® All studies
stated post-operative follow-up durations,
as well as the outcomes of investigation.
Four studies'>'®2%?* jdentified implant
failures through poor osseointegration, five
studies®!*?22*? investigated pain and swelling,
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@ WV O O @ 1107 |2 39 Ju3Q
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@ ®|®O||® |G yi0z 0 forouy-a

and the remaining five studies?'*'>1¢” assessed
for implant failures associated with post-
operative complications and other adverse
effects.

All studies contained at least one primary
test group with a pre-operative antibiotic
intervention (Table 1). Two studies'>?
administered antibiotics PIFS and nine
StudieSZO,Zl,l.’-,lS,16,17,18,19

antibiotics or placebo tablets as alternatives.

used either no

Six studies®'®192°2*2* introduced chlorhexidine
mouthwash as secondary interventions and
the remaining seven did not specify other

interventions allowed.

Choice of antibiotic regimen

3,22,23,14,15,16,17,18,19 used Oral

Nine studies
amoxicillin, two studies®** administered
penicillin derivatives or clindamycin, two
studies'* did not specify the antibiotic types
used during implant placements and one
study?' used several types, with penicillin
derivatives being the most common. Of the
nine studies that administered amoxicillin,
seven studies'®!>1617:18192223 ysed an identical
regimen (2 g single-dose amoxicillin) one hour
before surgery, and the other two studies®'®
gave 1 g and 3 g single-dose one hour before
surgery, respectively. Thirteen studies®!>'*!5!
61718,1920.21,23.2425, provided precise numerical
results of failed implants, while one study*
did not specify how many implants succeeded
or failed (reported success rate as a proportion
of patients in the test group). Lastly, only three
studies'>'3?" reported a statistically significant
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Table 2 The summary of specifics in each study, including number of patients/implants, antibiotic type, number of failures, success

rate and observed outcomes

Number of Antibiotic types (pre-op Failed implants/ N
Author patientsfimplants | o PIFS) total Success rate Findings/observed outcomes
A
Different regimens used by Significantly fewer failures of
Dent et al." NS/1,448 (P) individual clinician: types, 21/1,448 (P) 98.6% (P) osseointegration during healing (stage 1)
’ NS/1,193 (N) duration and dosage not 48/1,193 (N) 96.0% (N) and uncovering (stage Il) when pre-
stated operative antibiotics were used
Placebo group experienced quadruple
0
Esposito et al.” 158341 E) Pre-operative: oral amoxicillin ZEaE) 99'40A’ (P) number of implant failures, but no
158/355 (PI) 9/355 (PI) 97.5% (PI) s .
significant differences observed
Six post-op infections but no significant
. 52/52 (P) . | 2/52(P) 96.2% (P) . D
16 - .
Anitua et al. 53/53 (P) Pre-operative: oral amoxicillin 2153 (Pl) 96.2% (PI) differences. Prophylactic antibiotics may
not be necessary
Pre-operative:
Cephalosporin (13.0%) Six post-op infections but no significant
Laskin et al. g?;ﬂ;g ((F;)l) Erythromycin (7.1 %) ggg Em) gggﬁ’ EE?) differences. Prophylactic antibiotics may
! Penicillin/derivative (69.1%) 7 not be necessary
Other (10.8%)
Regimens used varied by Higher implant success rate among
Morris et al.?! “2;;5125(,\(15)) type, dosage and time of Zgizﬁél) g;;g:/k ((I-EI)) patients in the pre-op group, but no
administration (not specified) =7 significant differences
Three cases of wound dehiscence and
P S ——— one minor inflammatory response. No
Binahmed et al.?* | 125/445 (P) Ope : ) .| 0/445 (P) 100.0% (P) significant difference — one pre-op dose
penicillin V or oral clindamycin SN Ly
may be sufficient in improving implant
survival rate
Only one-day dosage recommended due to
Kashanietal | 8687785 (PP) Pre-operative + PIFS: 8/785 (PP) 99.0% (PP) no 5|gn|f|c_ant difference when comparing
phenoxymethyl penicillin one-day single dose vs one-week post-op
administration
Higher implant success rate among
. 252/489 (P) ] | 7/489 (P) 98.6% (P) o
29 - . -
Esposito et al. 2547483 (P) Pre-operative: oral amoxicillin 13/483 (Pl) 97.3% (Pl) patients in the pre-op group, but no
significant differences
B
Two patients showed wound dehiscence,
El-Kholey? Group 1: 40/47 (P) Pre-opgrgtlve: single dose oral Group 1: 0/47 (P) 100.0% (P) one suffered pain and tenderness.
amoxicillin Presumes a single pre-op dose to be
generally sufficient
Six patients experienced early post-
operative complications and post-operative
Arduino' 180/278 (P) Pre-operative: oral amoxicillin | 5/278 (P) 98.2% (P) group (not included here) lost eight
implants in total. No statistically significant
differences observed
. . Results showed pre-op antibiotics to be
B Jest g 27_/27 () Pre-operative: single dose st ol 0/_27 (P) 100.0% (P) beneficial in terms of implant survival and
Nolan Control group: T Control group: 5/28 o ) ot .
amoxicillin 82.0 % (PI) patient comfort. No significant differences
28/28 (Pl) (P1)
among any of the four outcomes assessed
. Pre-operative: single dose ; ] o Implant stability was slightly higher among
1 (!.) 81/81 (P) amoxicillin (!.) 0/81 (P) (Q 1000? (P) groups treated with antibiotics, but there
Tan (!') 82/82 (PP) PIFS: identical single dose of (!') 0/82 (PP} (!') 100.0% (PP) were no significant differences among the
(iv) 80/80 (N) amoxiillin (iv) 1/80 (N) (iv) 98.7% (N) various groups
L . 16.4% of Group A patients experienced
- 0
Karaky?? Group A: 73/210 (P) ool sdgle dlose G 120 56 i it Grojp 4 early implant failure. However, no
amoxicillin patients (P) patients (P) oy S
significant distinction among other groups
. ) — . . Pre-op group with higher success rate
Caiazzo? Group 1: 25/35 (P) Pre-operative: single dose Group 1: 0/35 (P) Group 1: 100.0% (P) than the no antibiotic’ group, but not

Key:

Group 4: 25/29 (N)

amoxicillin

Group 4: 2/29 (N)

* = total number of patients in the study; the study does not specify number of patients per group
t = representation by the number of patients — unable to identify number of failed/succeeded implants

N = no antibiotics

NS = not specified
P = pre-operative antibiotics
Pl = placebo
PIFS = post-operative immediately following surgery
PP = pre-op + PIFS
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statistically significant (small sample size)
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Fig. 3 Implant failure incidence between ‘antibiotic prophylaxis’ and ‘no antibiotic
prophylaxis’ groups. The ‘no prophylaxis’ group on average exhibited three times more
implant failure incidences compared to the ‘prophylaxis’ group
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t=2.562,df =8
9

4.222

4.944

1.648

0.4218 to 8.023
0.4507

0.2947
0.2207
ns

No

difference between pre-operative groups and
non-antibiotic groups. Four studies>'****
found no significant difference between
single-dose pre-operative interventions and
long-term post-operative interventions, and
seven studies!#!>171921.2223 reported a trend
favouring antibiotic prophylaxis, but no
statistically significant differences.

Risk of bias assessment
Two studies'>* were determined to be at high
risk of bias, one study'* at moderate risk and

3,15,16,17,18,19 at 10W riSk

the remaining six studies
of bias (Fig. 2a). All studies were considered
at low risk for the domain of other potential

sources of bias (Fig. 2b).

Statistical analysis

The forest plot analysis of included RCTs
and CCTs is exhibited in Table 3. Both the
placebo and PIFS groups had insufficient
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data, hence the meta-analysis incorporated
only the pre-operative antibiotic and non-
antibiotic groups. The RCT group had a risk
ratio (RR) of 0.38 (95% CI 0.25-0.57) for
the use of pre-operative antibiotic. The CCT
group had a RR of 0.57 (95% CI 0.35-0.93) for
the use of pre-operative antibiotic. The RCT
group exhibited low heterogeneity (I* = 0%),
while the CCT group exhibited medium-high
heterogeneity (I> = 64%). Implant failure rates
were significantly affected by the difference
in prophylactic measures (prophylaxis vs
no antibiotic) as shown through the test for
overall effect (Z = 7.00, P <0.00001; Table 3).
The overall RR of 0.47 (95% CI 0.39-0.58) was
followed by an absolute risk reduction (ARR)
of 2.94% (95% CI 2.07%-3.80%), and the
relative risk reduction (RRR) of 53%. The test
for overall effect rendered low heterogeneity
(I* = 0%) and the number needed to treat was
35 (95% CI 26.3-48.2).

Lastly, the two-tailed paired t-test showed
significant difference in mean implant failure
rates between two treatment groups, with a
mean failure rate of 1.8% among the antibiotic
prophylaxis patients and 6.0% in the non-
prophylaxis patients (t-test, t = 2.562; df = §;
P =0.0335; Figure 3).

Discussion

Restricting the inclusion criteria reduces
heterogeneity but limits the number of eligible
studies, likely excluding papers that impart
useful information.” Our meta-analysis was
performed accordingly, utilising not only RCTs
but CCTs and observational studies to attain
a wide range of data. The overall RR of 0.47
(95% CI 0.39-0.58; Table 3) for the use of pre-
operative antibiotic suggested implant failures
were 0.47 times as likely to occur in patients
receiving antibiotic than those receiving no
antibiotic. The RRR of 53% indicated pre-
operative antibiotic prophylaxis reduced the
risk of implant failures in the treatment group
by 53%. The ARR of 2.94% is the difference
in risk between the control and the treatment
groups. Moreover, the number needed to treat
of 35 implied one in every 35 patients will
benefit from this prophylactic measure.

The medium-high heterogeneity observed
between CCTs can be explained by the fact that
only two studies were collected, and studies
allowed various antibiotic regimen and types,
sometimes not mentioned at all. Observed
heterogeneity in prophylactic antibiotic choices
can sufficiently render different outcomes,
stressing implications for future research to
identify which antibiotic regimen, type and
dosage are deemed most effective. Despite
low overall heterogeneity, studies varied by
duration of follow-ups, secondary interventions
and types of implant surgery performed
(Table 1). One potential source of variation
is patient heterogeneity, as patients vary in
their personal idiosyncrasies, susceptibility
and habits that could contribute to increased
failure. Furthermore, non-standardised clinical
experiences and skillsets of each practitioner
may render outcome differences. Laskin et al.
reported that implant survival rate differed
by surgeons’ previous clinical experiences,
substantiating this possibility.?

It is clear that relying solely on number
needed to treat and/or RRR can be misleading
and result in erroneous inferences.?”?
Moreover, short follow-up durations tend to
miss early implant failures, while extended
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Table 3 Forest plot comparing the ‘prophylaxis’ group versus the ‘no prophylaxis’ group for the event of implant failure (M-H =

Mantel-Haenszel test)

Antibiotic prophylaxis | No prophylaxis : Risk ratio Risk ratio
e Events Total Events Total Hielht ZIS'Z Z:mdom, i DRI, 2 (]
RCTs
Dent (1997)" 21 1,448 48 1,193 16.9% 0.36(0.22, 0.60) _—
Esposito (2008)™ 2 341 9 355 1.9% 0.23(0.05, 1.06)
Anitua (2009)'® 2 52 2 53 1.2% 1.02 (0.15, 6.97) ——
Nolan (2014)'¢ 0 27 5 28 0.5% 0.09(0.01, 1.62)
Tan (2014)* 0 81 1 80 0.4% 0.33(0.01, 7.96)
Caiazzo (2011)% 0 35 2 29 0.5% 0.17 (0.01, 3.34)
Esposito (2010)?° 7 489 13 483 5.3% 0.53(0.21, 1.32) —
Subtotal (95% Cl) 2,473 2,221 26.7% 0.38 (0.25, 0.57)
Total events 32 80
Heterogeneity: Tau? = 0.00; Chi? = 3.24; df = 6 (P = 0.78); I’ = 0%
Test for overall effect: Z = 4.71 (P <0.00001)
CCTs
Laskin (2000)% 'I'
Morris (2004)% -
Subtotal (95% Cl) 2,861 1,641 73.3% 0.57 (0.35, 0.93)
Total events 122 145
Heterogeneity: Tau? = 0.08; Chiz = 2.75; df = 1 (P = 0.10); I = 64%
Test for overall effect: Z = 2.24 (P = 0.03)
Total (95% CI) 5,334 3,862 100.0% 0.47 (0.39, 0.58)
Total events 154 225
Heterogeneity: Tau? = 0.00; Chi? = 7.65; df = 8 (P = 0.47); 1> = 0% IO.O1 0?1 i 1I0 1OOI
Test for overall effect: Z = 7.00 (P <0.00001) [prf;‘;]‘;‘l‘;is] - ;fggﬁ;faxisl
Test for subgroup differences: Chi? = 1.57; df = 1 (P = 0.21); 1> = 36.2%

follow-up durations overestimate total failures
by incorporating those caused by other
systemic conditions, environmental factors
and/or personal hygiene. Taking this into
account, our results still portrayed significantly
fewer failures when pre-operative antibiotics
were prescribed (1.8% versus 6.0%; Figure 3).
Despite the limitations of our assessment in
the exclusion of PIFS and placebo groups, our
meta-analysis indicated significant benefits
in administering pre-operative antibiotics to
reduce early or late implant failures. Esposito
et al. and Sharaf et al. reported a similar
trend, in which a single dose of pre-operative
amoxicillin significantly reduced implant
failure rates.?*

Additionally, Romandini et al. concluded
that the use of prophylactic antibiotic is

protective against early implant failures.
However, they found insufficient evidence to
recommend a specific dosage.” Also, Lund et
al. suggested that antibiotic prophylaxis gives a
2% reduction of the risk of implant loss.*? This
investigation highlighted several problems
with current antimicrobial practices in oral
implantology, including: 1) use of a wide
variety of prophylactic regimens; 2) lack of
consistent effects of antibiotic prophylaxis; and
3) lack of standardised follow-up durations.
Myriad antibiotic choices were available
to practitioners, often involving three or
more types and dosages applicable to each
intervention. Lack of consensus between
practitioners concerning distinct antibiotic
prescribing patterns warrants the need to
facilitate calibration to enhance treatment
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homogeneity. Current literature leans towards
the use of oral amoxicillin, where roughly
80% of the respondents used amoxicillin for
patients not allergic to penicillin, according
to a study conducted in the UK.” The study
also revealed the types of pre-operative
antibiotics given to patients allergic to
penicillin: 48.1% administered clindamycin,
19.2% metronidazole and 4.8% erythromycin.”
Other records further portrayed the
predominance of amoxicillin uses,” shown
through the nine studies®!*!>1617:1819.22.23
included in this review as well. Some clinicians,
however, chose other alternatives such as
clindamycin, Keflex, cefazolin and other
penicillin derivatives.* Pyysalo et al. reported
phenoxymethylpenicillin (72.2%), followed by
amoxicillin, cephalexin, roxithromycin and
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Appendix 1 Searched databases, keywords of relevance and total results identified during initial investigation

Database Search methods Results
PubMed/Medline 1. ("dental implants"[MeSH Terms] OR ("dental"[All Fields] AND "implants"[All Fields]) OR "dental implants" [All 271
Fields] OR ("dental"[All Fields] AND "implant" [All Fields]) OR "dental implant"[All Fields])
2. (("antibiotic prophylaxis"[MeSH Terms] OR (“antibiotic" [All Fields] AND “prophylaxis"[All Fields]) OR “antibiotic
prophylaxis"[All Fields] OR Antibiotic Premedication [All Fields] OR antimicrobial agents[All Fields]))
3. ((infection* OR "wound healing"[MeSH Terms] OR ("wound"[All Fields] AND "healing"[All Fields]) OR
"wound healing"[All Fields]) OR (implant[All Fields] AND ("integration"[All Fields] OR “integration"[All Fields])
OR osseointegrat*) OR fail* OR (("antimicrobial"[All Fields]) AND (“prevention and control “[Subheading] OR
("prevention"[All Fields] AND "control" [All Fields]) OR "prevention and control"[All Fields] OR "prophylaxis"[All
Fields])))
41 AND 2 AND 3
5 4 AND Animals[Mesh:noexp]
Cochrane Library Dental AND implant* AND antibiotics 4
Google Scholar Antibiotic prophylaxis and dental implant failures (first ten pages) 100
Total 386

clindamycin.” Ahmad and Saad also mentioned
clindamycin as an alternative to amoxicillin
and penicillin derivatives.! In contrast,
Escalante et al. proposed azithromycin as an
effective alternative prophylactic antibiotic for
patients allergic to penicillin.*

Although 2 g of amoxicillin is the most
commonly administered pre-operative dose
among clinicians, the literature is unclear on
which antibiotic exhibits the most effective
result. As mentioned earlier, the American
Heart Association recommends only a single-
dose pre-operative antibiotic prophylaxis in
most of the cases, while some patients with
high-risk heart diseases may require additional
post-operative doses to prevent secondary
bacteraemia following dental procedures.** In
the vast majority of cases, evidence suggests
that providing antibiotics pre-operatively
rather than post-operatively following routine
dental implant placement is the protocol
of choice.” Only in a small number of cases,
the presence of a disease may increase the risk
of bacteraemia associated with these routine
activities accordingly; in this condition,
the benefits of post-operative antibiotics
are emphasised despite the recommended
guidelines.*

In addition, most antibiotic interventions
varied by their duration, sometimes
exceeding the duration needed to prevent
post-operative complications. Prolonged
administration of antibiotics may contribute to
the emergence of resistant bacteria.* Incorrect
use of antibiotics with little consideration of
repercussions increases the risk of developing
resistance and other adverse side effects, and
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ultimately devalues the efficacy of antibiotic
prophylaxis.®*® One of the important factors
that should be considered is evaluating the cost
of the antibiotics to the desired outcomes. Due
to the increase of healthcare costs and limited
resources, policymakers and healthcare payers
are also concerned about the cost-effectiveness
of the excessive prescription of antibiotics.
Hence, more studies of economic evaluation
to assess the cost-effectiveness of antibiotics by
exploring whether antibiotic treatment makes
a sufficient contribution to health to justify its
costs should be explored more in the future.”
These factors still suggest that antibiotics
should be prescribed with caution and for
the shortest duration possible to achieve the
desired outcome.

Our study shows the benefits of pre-operative
antibiotics in reducing dental implant failure.
However, there is no standardised guide to the
use of antibiotics in dental implant surgery,
accentuating the need for further investigations
to identify the most effective antibiotic regimen
for reducing implant failures.

Conclusion

Based on our meta-analysis and statistical
results, there is adequate evidence to suggest
that a single-dose antibiotic prescribed pre-
operatively may reduce the occurrence of
implant failures. Administering prophylactic
antibiotics before implant surgery can provide
significant benefits to patients receiving the
treatment. The observed overall reduction in
risk provides support for use of prophylactic
antibiotics in implant dentistry.

Conflict of interest
All authors declare no conflict of interest with
reference to this manuscript.

References

1. Ahmad N, Saad N. Effects of Antibiotics on Dental
Implants: A Review. J Clin Med Res 2012; 4: 1-6.

2. Xul,Wang Y, Nguyen VT, Chen J. Effects of Topical
Antibiotic Prophylaxis on Wound Healing After Flapless
Implant Surgery: A Pilot Study. J Periodontol 2016; 87:
275-280.

3. El-Kholey K E. Efficacy of two antibiotic regimens in the
reduction of early dental implant failure: a pilot study.
Int J Oral Maxillofac Surg 2014; 43: 487-490.

4. Escalante M G, Eubank T D, Leblebicioglu B, Walters
J D. Comparison of Azithromycin and Amoxicillin
Before Dental Implant Placement: An Exploratory Study
of Bioavailability and Resolution of Postoperative
Inflammation. J Periodontol 2015; 86: 1190—1200.

5. Pyysalo M, Helminen M, Antalainen A K et al.
Antibiotic prophylaxis patterns of Finnish dentists
performing dental implant surgery. Acta Odontol Scand
2014; 2: 806-810.

6.  Canadian Dental Association. CDA Position on
Prevention of Infective Endocarditis. 2014. Available at
https://www.cda-adc.ca/en/about/position_statements/
infectiveendocarditis/ (accessed May 2020).

7. lreland R S, Palmer N O, Lindenmeyer A, Mills N.

An investigation of antibiotic prophylaxis in implant
practice in the UK. Br Dent J 2012; DOI: 10.1038/
5j.bdj.2012.960.

8. Pallasch TJ, Slots J. Antibiotic Prophylaxis for Medical-
Risk Patients. / Periodontol 1991; 61: 227-231.

9. Ata-AliJ, Ata-ali F, Ata-Ali F. Do antibiotics decrease
implant failure and postoperative infections? A
systematic review and meta-analysis. Int J Oral
Maxillofac Surg 2014; 43: 68-74.

10. Tomés Carmona P, Diz Dios C, Scully C. Efficacy of
Antibiotic Prophylactic Regimens for the Prevention of
Bacterial Endocarditis of Oral Origin. J Dent Res 2007;
86: 1142-1159.

11. Moher D, Liberati A, Tetzlaff J et al. Preferred reporting
items for systematic reviews and meta analyses:
the PRISMA statement. Ann Intern Med 2009; 151:
264-269.

12. Higgins J P T, Green S (eds). Cochrane Handbook for
Systematic Reviews of Interventions. Version 5.1.0.
2011. Available online at https://handbook-5-1.
cochrane.org/ (accessed April 2020).

13. Dent CD, Olson J W, Farish S E et al. The influence
of preoperative antibiotics on success of endosseous
implants up to and including stage Il surgery: a study of
2641 implants. J Oral Maxillofac Surg 1997; 55: 19-24.

BRITISH DENTAL JOURNAL | VOLUME 228 NO. 12 | JUNE 26 2020

© The Author(s), under exclusive licence to British Dental Association 2020


https://www.cda-adc.ca/en/about/position_statements/infectiveendocarditis/
https://www.cda-adc.ca/en/about/position_statements/infectiveendocarditis/
https://handbook-5-1.cochrane.org/
https://handbook-5-1.cochrane.org/

20.

Arduino P G, Tirone F, Shiorlin E et al. Single
preoperative dose of prophylactic amoxicillin versus a
2-day postoperative course in dental implant surgery:
A two-centre randomised controlled trial. Eur J Oral
Implantol 2015; 8: 143-149.

Esposito M, Cannizzaro G, Bozzoli P et a/. Efficacy

of prophylactic antibiotics for dental implants: a
multicentre placebo-controlled randomised clinical
trial. Eur J Oral Implantol 2008; 1: 23-31.

Anitua E, Aguirre J J, Gorosabel A et al. A multicentre
placebo-controlled randomised clinical trial of
antibiotic prophylaxis for placement of single dental
implants. Eur J Oral Implantol 2009; 2: 283-292.
Esposito M, Cannizzaro G, Bozzoli P et al. Effectiveness
of prophylactic antibiotics at placement of dental
implants: a pragmatic multicentre placebo-controlled
randomized clinical trial. Eur J Oral Implantol 2010; 3:
135-143.

Nolan R, Kemmoona M, Polyzois |, Claffey N. The
influence of prophylactic antibiotic administration on
post-operative morbidity in dental implant surgery. A
prospective double blind randomized controlled clinical
trial. Clin Oral Implants Res 2014; 25: 252-259.

Tan W C, Ong M, Han J et al. Effect of systemic
antibiotics on clinical and patient-reported outcomes of
implant therapy — a multicentre randomized controlled
clinical trial. Clin Oral Implants Res 2014; 25: 185-193.
Laskin D M, Dent C D, Morris H F et al. The Influence
of Preoperative Antibiotics on Success of Endosseous
Implants at 36 Months. Ann Periodontol 2000; 5:
166-174.

21.

22.

23.

24.

25,

26.

28.

Morris H F, Ochi S, Plezia R et al. AICRG, Part III: The
Influence of Antibiotic Use on the Survival of a New
Implant Design. J Oral Implant 2004; 30: 144-151.
Karaky A E, Sawair F A, Al-Karadsheh O A et al.
Antibiotic prophylaxis and early dental implant failure:
a quasi-random controlled clinical trial. Eur J Oral
Implantol 2011; 4: 31-38.

Caiazzo A, Casavecchia P, Barone A, Brugnami F. A
Pilot Study to Determine the Effectiveness of Different
Amoxicillin Regimens in Implant Surgery. J Oral Implant
2011; 37: 691-696.

Binahmed A, Stoykewych A, Peterson L. Single
Preoperative Dose Versus Long-term Prophylactic
Antibiotic Regimens in Dental Implant Surgery. /nt

J Oral Maxillofac Implants 2005; 20: 115-117.
Kashani H, Dahlin C, Alse’n B. Influence of different
prophylactic antibiotic regimens on implant survival
rate: a retrospective clinical study. Clin Implant Dent
Relat Res 2005; 7: 32-35.

Shrier I, Boivin J F, Steele R J et al. Should meta-
analyses of interventions include observational studies
in addition to randomized controlled trials? A critical
examination of underlying principles. Am J Epidemiol
2007; 15: 1203-1209.

Smeeth L, Haines A, Ebrahim S. Numbers needed to treat
derived from meta-analyses-sometimes informative,
usually misleading. BM/ 1999; 318: 1548—1551.
Hutton J L. Number needed to treat and number
needed to harm are not the best way to report and
assess the results of randomised clinical trials. Brit J of
Haematol 2009; 146: 27-30.

29.

30.

32.

33.

34.

35.

36.

37.

RESEARCH

Esposito M, Grusovin M G, Worthington H V.
Interventions for replacing missing teeth:

antibiotics at dental implant placement to prevent
complications. Cochrane Database Syst Rev 2010, DOI:
10.1002/14651858.CD004152.pub3.

Sharaf B, Jandali-Rifai M, Susarla S M et al. Do
perioperative antibiotics decrease implant failure?

J Oral Maxillofac Surg 2011; 69: 2345-2350.

Lund B, Hultin M, Tranaeus S, Naimi-Akbar A, Klinge B.
Complex systematic review — Perioperative antibiotics
in conjunction with dental implant placement. Clin Oral
Implants Res 2015; DOI: 10.1111/cIr.12637.

Romandini M, De Tullio I, Congedi F et al. Antibiotic
prophylaxis at dental implant placement: Which is the
best protocol? A systematic review and network meta-
analysis. J Clin Periodontol 2019; 46: 382-395.

Tong D C, Rothwell B R. Antibiotic prophylaxis in
dentistry: A Review and Practice Recommendation. J
Am Dent Assoc 2000; 131: 366—74.

Schwartz A B, Larson E L. Antibiotic prophylaxis and
postoperative complications after tooth extraction and
implant placement: a review of the literature. / Dent
2007; 35: 881-888.

Gibson M P, Levin L. Antibiotics in dentistry: Be
responsible! Quintessence Int 2018; 49: 7-8.

Ramu C, Padmanabhan T V. Indications of antibiotic
prophylaxis in dental practice — review. Asian Pac

J Trop Biomed 2012; 2: 749-754.

Simoens S. Factors Affecting the Cost Effectiveness

of Antibiotics. Chemother Res Pract 2011; DOI:
10.1155/2011/249867.

and indicate if changes were made.

Open Access. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,

The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material.
If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder.

To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/

© The Author(s) 2020

BRITISH DENTAL JOURNAL | VOLUME 228 NO. 12 | JUNE 26 2020

© The Author(s), under exclusive licence to British Dental Association 2020

951



