Int. J. Oral Maxillofac. Surg. 2019; 48: 263-273 International Journal of
https://doi.org/10.1016/j.ijom.2018.08.002, available online at https://www.sciencedirect.com O ’
ral &

Maxi]]gfacia]
S urgery

Meta-Analysis
Oral Surgery

Al R. K. Menon'?, D. Gopinath?,
Does the use of amoxicillin/  &¥Evy e sorene:
TInternational Medical University, Kuala
Lumpur, Malaysia; 2Faculty of Dentistry,

amoxicillin—clavulanic acid in =~ greeveinestosiostn
third molar surgery reduce the

risk of postoperative infection?

A systematic review with meta-

analysis

R. K. Menon, D. Gopinath, K. Y. Li, Y. Y. Leung, M. G. Botelho: Does the use of
amoxicillin/amoxicillin—clavulanic acid in third molar surgery reduce the risk of
postoperative infection? A systematic review with meta-analysis. Int. J. Oral
Maxillofac. Surg. 2019; 48: 263-273. © 2018 International Association of Oral and
Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.

Abstract. The objectives of this systematic review were to investigate the efficacy of

amoxicillin/amoxicillin—clavulanic acid for reducing the risk of postoperative

infection after third molar surgery and to evaluate the adverse outcomes in these

patients, as well as in healthy volunteers. A systematic search of four databases was

performed on May 26, 2017. Eleven studies qualified for the qualitative analysis and

eight were found suitable for meta-analysis. The results suggest that both amoxicillin—

clavulanic acid and amoxicillin significantly reduce the risk of infection after third

molar extraction (overall relative risk (RR) 0.25, P < 0.001). However, with the

exclusion of randomized controlled trials with a split-mouth design (due to an

inadequate crossover period after antibiotic treatment), only amoxicillin—clavulanic

acid was found to be effective (RR 0.21, P < 0.001). The risk of adverse effects was

significantly higher in the amoxicillin—clavulanic acid group (RR = 4.12, P = 0.023) Key words: molar; third; meta-analysis; ad-
than in the amoxicillin group (RR 1.57, P = 0.405). In conclusion, amoxicillin— verse glflfects; long terml; rel\new; amomg!llln;
clavulanic acid and amoxicillin may significantly reduce the risk of infection after third amoxicillin-potassium clavulanate combina-

. R 7 R . N tion.
molar extraction. However, their use in third molar surgery should be viewed with
caution, as recent clinical trials on healthy volunteers have shown evidence of the Accepted for publication
negative impact of amoxicillin use on bacterial diversity and antibiotic resistance. Available online 23 August 2018
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The rate of postoperative infection
reported after third molar surgery is in
the range of 0.8% to 4.2%' °. Numerous
randomized controlled trials (RCTs) have
evaluated the efficacy of different antibio-
tics in preventing postoperative infections
but have failed to lead to a consensus
among practitioners regarding the type
of antibiotic to be used and the appropri-
ateness of antibiotic prescription for third
molar surgery'’. Third molar surgeries are
frequently performed in healthy young
adults with minimal or no infection of
the associated teeth, based on the clinical
impression that future complications may
arise from these teeth. This approach has
been rigorously criticized'".

Amoxicillin along with amoxicillin—
clavulanic acid combination are amongst
the antibiotics most preferred by dentists
globally for the prevention of postopera-
tive infection after third molar surgery'”
23 Unfortunately, antibiotic prescribing
preference does not seem to follow an
evidence-based approach, but shows re-
gional variation. Two studies surveying
third molar prescription practices in
Switzerland reported that 18-25% of den-
tists would prescribe antibiotics for third
molar surgery>**> when compared to 60—
90% of dentists in other countries™*’.

Systematic reviews are widely used to
assist in formulating clinical decisions. A
recent systematic review investigating the
effectiveness of antibiotic use in prevent-
ing dry socket and infections after third
molar surgery concluded that antibiotic
use significantly reduces the risk of dry
socket and infection®®. Another systematic
review that focused on amoxicillin con-
cluded that there is no justification for the
routine prescription of amoxicillin with or
without clavulanic acid in third molar
surgery”’. Nonetheless, previous system-
atic reviews on antibiotic use in third
molar extractions have not addressed the
question of antibiotic resistance. It has
been suggested previously that RCTs
and clinical studies should sample and
follow up bacterial communities in vari-
ous sites of the human body to assess the
impact of antibiotic use and that such data
should be an integral part of systematic
reviews assessing antibiotic use’".

Short-term antibiotic use has been as-
sociated with the persistence of antibiotic-
resistant bacteria in the intestine for a
number of years®' >*. The impact of anti-
biotic treatment is not limited to its influ-
ence on the development of antibiotic
resistance in bacteria, as it can also disrupt
the healthy microbiome™**°, facilitate the
overgrowth of yeast®® and Clostridium
difficile’”, interfere with the absorption

and metabolism of vitamins and other
nutrients, and increase susceptibility to
future infections™®.

Antibiotic use in third molar surgery
should be evidence-based and the evi-
dence should include an evaluation of
the effectiveness of a particular antibiotic
and reflect all of the possible adverse
outcomes of that antibiotic. Such evidence
could contribute to a reduction in inappro-
priate prescription by providing appropri-
ate evidence of the harms of antibiotic
treatment, including the possibility of an-
tibiotic resistance™’.

The aim of this systematic review and
meta-analysis was to provide critical in-
formation to dental practitioners and to
inform current prescription practices
based on clinical and microbiological evi-
dence, using the following key clinical
questions: Does the use of amoxicillin
and amoxicillin—clavulanic acid or not
in patients undergoing third molar surgery
or in healthy volunteers result in a reduced
risk of postoperative complications after
extractions? Does the use of amoxicillin
cause significant antibiotic-related side
effects or long-term adverse effects in-
cluding a shift in bacterial diversity or
antibiotic resistance?

Materials and methods

The four databases PubMed, Web of Sci-
ence, Medline-Ovid, and Cochrane Cen-
tral Register of Controlled Trials were
searched using selected key words based
on the patient, intervention, comparison,
and outcome (PICO) format, combining
the key words with Boolean operators
‘AND’ and ‘OR’: [Patient (P): Surgery;
Oral OR Molar; Third OR Healthy Volun-
teers] AND [Intervention (I): Amoxicillin
OR Amoxicillin—Potassium Clavulanate
Combination] AND [Comparison (C):
Placebo OR Control OR No Antibiotic]
AND [Outcome (O): Surgical Wound In-
fection OR Long Term Adverse Effects
OR Drug-Related Side Effects and Ad-
verse Reactions OR Postoperative Com-
plications OR Drug Resistance; Microbial
OR Drug Resistance; Bacterial OR Diver-
sity; Microbial OR Shift; Microbial OR
Bacteria OR Bacteremia]. The detailed
search strategy for the PubMed database
and the Cochrane Central Register of Con-
trolled Trials; with the search date; is
provided in the Supplementary Material
(File S1).

This review is reported according to the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)
statement. The database searches were
conducted and further screening was

performed by two independent researchers
(RKM, DQG) in two stages. The study
selection criteria for the stage I (based
on title) and stage II (full text) screening
are given in Table 1. The studies that were
excluded at stage II, with the reasons for
their exclusion, are given in the Supple-
mentary Material (File S2). Studies in-
volving third molar extraction alone
were considered for estimation of the rel-
ative risk and number needed to treat to
prevent one case of postoperative infec-
tion. The quality and bias of the selected
trials were assessed based on the
Cochrane Handbook for Systematic
Reviews of Interventions™ (Supplementa-
ry Material, File S3). All selected studies
were assessed for reported and measured
adverse outcomes, including bacterial di-
versity and antibiotic resistance related to
amoxicillin use. Further, the relative risk
of infection and adverse effects of pre-
surgical or post-surgical antibiotic pre-
scription were assessed.

Statistical analysis

Data were combined for meta-analysis
using Stata version 13.1*'. Heterogeneity
was assessed using the Xz-based (O-statis-
tics method and measurement of /°. Be-
cause of the expected inter-study
heterogeneity, the random-effects model
was used. Publication bias was investigat-
ed by visual detection of the funnel plot
and regression asymmetry tests — Egger
and Begg tests. Adverse outcomes were
also investigated by meta-analysis.

Subgroup analyses for the intervention
group (amoxicillin—clavulanic acid and
amoxicillin alone groups) and time of
administration (pre-surgery, post-surgery,
and mixed groups) were performed. For
split-mouth studies, the corresponding
estimates were calculated from the
matched nature of data***. Also, the sub-
group analysis or sensitivity analysis was
performed based on the study design (par-
allel and split-mouth design) if available.
The relative risks (RR) are reported at the
0.05 significance level, along with the
95% confidence intervals (CI).

Results

A flow diagram of the search and results is
presented in Fig. 1.

Eleven studies qualified for the qualita-
tive analysis** >, and eight randomized
controlled trials were included in the quan-
titative analysis (Table 2)** ', The meta-
analysis with random-effects model for rel-
ative risk was performed to evaluate wheth-
er amoxicillin and amoxicillin—clavulanic
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Table 1. Stage 1 and stage I screening—study selection criteria.

Inclusion criteria

Exclusion criteria

Stage I (Title)

Stage I (Full text)

o All studies generated from the database search e Studies that did not involve third molar surgery or healthy

volunteers
e Combination of amoxicillin with other drugs or antibiotics
e Animal studies and in vitro studies

e RCTs involving third molar surgery or healthy e Studies that did not have a control group not receiving
volunteers antibiotics

e Amoxicillin or amoxicillin—clavulanic acid e Studies that were not double-blind for third molar surgery
was used o Studies that did not classify infections as surgical site

infections and clinically report them as frank purulence;
studies that used CRP levels and other indicators of in-
flammation that have not been proven to be clinical indicators
of infection

e Studies that were not RCTs
e Other antibiotics or combinations of antibiotics were used
o Perspective articles
e Questionnaires
e Case reports
e Preliminary reports
e Reviews
e Others
CRP, C-reactive protein; RCT, randomized controlled trial.
Records identified through database searching
(PubMed — 351, Web of Science -72,
Medline-Ovid — 16, Cochrane Central Register
of Controlled Trials — 22) Additional records identified
through other sources
(n=461) n=1)
A4 v
Records after duplicates removed
(n=375)
A
Stage I (Title-based) Records excluded
Records screened > (n = 290)
(n=375)
A
Stage II Full-text articles excluded, with
(Full-text articles assessed reasons, refer to the
for eligibility) "1 Supplementary Material, File S3
(n=85) (n=74)

v

Studies included in
qualitative synthesis
(n=11)

A

Studies included in quantitative synthesis
(meta-analysis)
(n=3)

Fig. 1. PRISMA flowchart of the search results.



Table 2. Selected studies involving amoxicillin treatment for third molar surgery.

Antibiotics: dose and Postoperative Follow-up Number of cases Adverse outcomes
Author Year duration Sample size outcomes” appointments reporting with infection® related to antibiotic use
Arteagoitia Ab group: AMX-CLA 500/ 490 Inflammation 7 days, 8 weeks Ab group: 5/259 Ab group: 14/259
et al. 2005% 125 mg three times daily, Erythema Control: 30/231 Control: 2/231
oral, for 4 days Pain
Control: placebo tablets *Abscess
same size and appearance
Lacasa Group 1: placebo 222 *Infection 1, 3, 7, 15 days Group 1: 12/75 Group 1: 3/75
et al. 2007" Group 2: single pre-surgical Pain reduction Group 2: 4/75 Group 2: 1/75
dose of two tablets AMX— Group 3: 2/72 Group 3: 8/72
CLA 1000/62.5 mg
Group 3: post-surgery
therapy of two tablets
AMX-CLA 1000/62.5 mg
twice daily for 5 days
Siddiggi et al.® Group 1: 1st visit, oral AMX 95 Pain 3 days, 1 week, AMX and placebo: 1 No adverse reactions
2010 1 g at 1 h preoperative; 2nd Swelling 2 weeks AMX no placebo: 1 reported
visit (3 weeks later), *Infection Placebo no AMX: 3
placebo (glucose) 1 gat 1 h Trismus No infection: 90
before surgery, or vice versa Temperature
Group 2: 1st visit, oral AMX
1 g at 1 h preoperative and
AMX 500 mg 8-hourly for
2 days after surgery; 2nd
visit (3 weeks later),
placebo under the same
regimen or vice versa
Bezerra et al. Group E: AMX two 500 mg 34 Soft tissue oedema 3 days, 1 week, AMX and placebo: 0 No adverse reactions
2011°" capsules 1 h before surgery Pain 2 weeks AMX no placebo: 1 reported
Group C: placebo (starch) Limitation of mouth Placebo no AMX: 4
two 500 mg capsules before opening No infection: 29
surgery *Presence of
purulent secretion
Alveolitis
Lopez-Cedrin Group A: AMX 500 mg 4 123 Pain 4 weeks Group A: 0/39 Group A: 7/39
et al. 2011 tablets 2 h before surgery *Wound infection Group B: 5/40 Group B: 4/40
Group B: placebo Trismus Group C: 0/44 Group C: 6/44
Group C: AMX 500 mg Temperature
three times a day for 5 days Intra- and extraoral
swelling
Dysphagia
Side effects
Pasupathy and El: oral AMX I gat1h 89 Increase in body 7 days El: 2/31 No adverse outcomes of
Alexander before surgery temperature E2: 0/29 antibiotics reported
2011% E2: oral metronidazole *Purulent discharge C: 3/29

800 mg at 1 h before

surgery
C: placebo

from the wound
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No adverse outcomes of
antibiotics reported

Group EG: 12/60
Group CG: 1/58

Group A: 0/24
Group B: 0/23
Group C: 0/24
Group EG: 2/60
Group CG: 5/58

1 week, up to

1 week
8 weeks

Inter-incisal distance

*Infection
Mouth opening

Pain
Oedema
Pain
Oedema
*Abscess
Alveolitis
Dehiscence

118

125 mg CLA at 2 h before
surgery; postoperatively
twice a day for 4 days

Group A: AMX 500 mg
Group CG: placebo

three times daily, oral, for

7 days
Group EG: 2 g AMX/

300 mg four times daily,
Group C: no antibiotic

oral, for 7 days

Group B: clindamycin
® For the split-mouth studies, since the same patient was administered both amoxicillin and placebo and vice versa at the different times, the number of infections was reported for each patient and the

corresponding estimates were calculated from the matched nature of data*> **. ‘AMX and placebo’ represents the number of patients who reported an infection after amoxicillin treatment and also the

#Infection outcomes marked with an asterisk (*).

¢ Studies employing a split-mouth protocol.

placebo treatment; ‘AMX no placebo’ represents the number of patients who reported an infection after amoxicillin treatment but not after placebo treatment; ‘Placebo no AMX’ represents the number

Ab, antibiotic; AMX, amoxicillin; CLA, clavulanic acid.
of patients who reported an infection after placebo treatment but not after antibiotic treatment.

Arteagoitia
et al. 2015%

Adde et al.
2012*
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acid reduce the risk of infection after third
molar surgery.

The meta-analysis results revealed that
the pooled relative risk of infection in the
treatment group overall was 0.25 (95% CI
0.15-0.42, P < 0.001). For amoxicillin—
clavulanic acid, the relative risk was 0.21
(95% CI 0.12-0.40, P < 0.001). In the
amoxicillin group, the relative risk was
0.37 (95% CI 0.15-0.92, P =0.033), with
RR 0.22 (95% CI 0.02-2.74, P=0.237)
for the parallel studies and RR 0.41 (95%
CI 0.13-1.32, P=0.136) for the split-
mouth studies. The crossover time after
one extraction and antibiotic treatment in
the split-mouth study by Siddiqi et al.”®
was 3 weeks, while it was not specified in
the study by Bezerra et al.’'. With the
exclusion of the split-mouth studies®™",
the relative risk of infection in the amoxi-
cillin group was no longer significant (RR
0.22,95% C10.02-2.74, P = 0.237). Mod-
erate heterogeneity was found in the
amoxicillin ~ parallel  study  group
(?=58.3%), which was not significant
(heterogeneity test: P=0.121), and het-
erogeneity was not significantly found in
the amoxicillin split-mouth study group,
amoxicillin—clavulanic acid group, or the
overall treatment group (/*=0.0%, het-
erogeneity test: P =0.600; I* = 0.0%, het-
erogeneity test: P =0.535; P =0.0%,
heterogeneity test: P =0.553, respective-
ly) (Fig. 2a).

When classifying the treatments by the
time of administration of antibiotics (pre-
surgery, post-surgery, and mixed), the pre-
surgery group had a relative risk of infec-
tion of 0.32 (95% CI 0.12-0.85,
P =0.023), while the post-surgery group
had a relative risk of 0.15 (95% CI 0.06—
0.38, p < 0.001) (Fig. 2b). With the ex-
clusion of the split-mouth studies, the
relative risk of infection in the pre-surgery
group was no longer significant (RR 0.33,
95% CI 0.10-1.11, P =0.073).

The number needed to treat (NNT) to
prevent one case of postoperative infec-
tion was next estimated from the meta-
analysis with random-effects model for
risk difference. The overall NNT for the
treatment group was 14.9, while the NNT
for the amoxicillin—clavulanic acid group
was 9.9 and for the amoxicillin group was
26.3 (parallel study: 19.6; split-mouth
study: 35.7). When classifying the treat-
ments by time of administration, the pre-
surgery group, post-surgery group, and
mixed group had NNT values of 13.0,
16.7, and 16.1, respectively.

The funnel plot was slightly asymmet-
ric, but there was no evidence of publica-
tion bias using the Egger test (P = 0.842)
or Begg test (P =1.000). This suggested
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a.
Study Risk %
Ratio (95% CI) Weight

Amoxicillin-clavulanic acid (Parallel study)

Arteagoitia  (2005) —- 0.15 (0.06, 0.38) 29.88

Lacasa (2007) —— 0.26 (0.10, 0.65) 29.27

Arteagoitia (2015) — T 0.39(0.08,1.91) 10.10

Subtotal (I-squared =0.0%, p = 0.535) <> 0.21 (0.12, 0.40) 69.25

Amoxicillin (Split mouth study)

Siddigi (2010) =T 0.50(0.13,2.00) 13.46

Bezerra (2011) ———T1— 0.25(0.03,2.24)5.38

Subtotal (I-squared =0.0%, p = 0.600) <<= 041(0.13,1.32) 1884

Amoxicillin (Parallel study)

Lopez-cedrun  (2011) hd : 0.04 (0.00, 0.78) 3.14

Pasupathy (2011) — 1 0.62(0.11,3.47) 8.78

Subtotal (I-squared = 58.3%, p = 0.12 [T——=— 0.2 (0.02, 2.74) 11.91

Overall (I-squared =0.0%, p = 0.553) O 0.25 (0.15, 0.42) 100.00

L] L] L] : L] L] L]
001 01 125512 4
b.

Study Risk %
Ratio (95% CI)  Weight

Pre

Lopez-cedrun  (2011) 0.04 (0.00, 0.78) 3.14

Pasupathy (2011) ——=1— 0.62(0.11,3.47) 8.78

Bezerra (2011) — T 025(0.03,2.24) 538

Arteagoitia (2015) —*=—1—  039(0.08,1.91) 10.10

Subtotal (I-squared =0.0%, p = 0.475) = 032 (0.12, 0.85) 27.39

Post ;

Arteagoitia  (2006) —=- 0.15 (0.06, 0.38) 29.88

Subtotal (I-squared =.%, p=.) = 0.15(0.06, 0.38) 29.88

Mixed :

Lacasa (2007) — 0.26 (0.10, 0.65) 29.27

Siddigi (2010) —T— 050(0.13,2.00) 13.46

Subtotal (I-squared =0.0%, p = 0.431) < 0.32 (0.14, 0.69) 42.72

Overall (I-squared =0.0%, p = 0.553) <> 0.25 (0.15, 0.42) 100.00

L] L] I. L] L] L]
001 01 25512 4

Fig. 2. (a) Meta-analysis with random-effects model for the relative risk of infection with the
use of amoxicillin—clavulanic acid and amoxicillin overall and individually. (b) Meta-analysis
with random-effects model for the relative risk of infection in groups classified according to the
time of antibiotic administration: pre-surgery (pre), post-surgery (post), and mixed pre- and

post-surgery.

no publication bias in the meta-analysis
(Supplementary Material, File S4).
Overall, the risk of adverse effects was
significantly greater with antibiotic use
(RR 295, 95% CI 1.16-7.50,
P =0.023), particularly with the use of
amoxicillin—clavulanic acid (RR 4.12,
95% CI 1.21-14.00, P = 0.023); however,
there was no significant effect on adverse
effects for the use of amoxicillin alone
(RR 1.57, 95% CI 0.55-4.50, P = 0.405)

(Fig. 3a). When classifying the treatments
by time of administration, the pre-surgery
group had a relative risk of adverse effects
of 3.59 (95% CI 0.47-27.40, P=0.218)
and the post-surgery group had a relative
risk of 624 (95% CI 1.43-27.18,
P =0.015) (Fig. 3b).

The number needed to harm (NNH; the
number of patients needed to be treated for
one additional patient to report an adverse
effect) was next estimated from the meta-

analysis of adverse effects with the ran-
dom-effects model for risk difference.
Overall for the treatment group, the
NNH was 25.0, while the NNH for
amoxicillin—clavulanic acid was 14.9
and for amoxicillin was 125. The NNH
for the pre-surgery group was 13.2 and for
the post-surgery group was 27.0.

Three prospective studies were identi-
fied in which amoxicillin was adminis-
tered to healthy volunteers and the
adverse effects, including the impact on
bacterial diversity and antibiotic resis-
tance, were monitored prospectively™
>4 The selected studies and the key find-
ings are given in Table 3. The study by
Abeles et al.”” showed significant changes
in the relative abundances of bacteria in
the gut, saliva, and skin of healthy volun-
teers treated with amoxicillin compared to
the controls. Bacterial diversity was re-
duced after amoxicillin treatment in the
gut, saliva, and skin, and the decrease
persisted for a period of up to 6 months.
The reduction in diversity was more pro-
nounced for the group in which amoxicil-
lin treatment was continued for 7 days
compared to the group that received
amoxicillin only for 3 days. The study
by Kirchner et al.>® focused on Gram-
negative faecal isolates after antibiotic
treatment and found that blaTEM-positive
Escherichia coli was the major contributor
to the antibiotic resistance, with an in-
crease from 13.9% to 48.3% for the amox-
icillin group; this persisted up to 1 month
and did not return to pre-administration
levels. The proportion of isolates with a
multidrug-resistant genotype increased
from 22% to 49% for the group treated
with amoxicillin, whereas it stayed at
38.5% for the placebo group. In the pla-
cebo group, blaTEM-positive E. coli iso-
lates remained between 33% and 40%
throughout the study. Further, the authors
reported an increase in tetB-positive E.
coli from 8.3% to 20% for the amoxicillin
group. The study by Zaura et al.** did not
find a significant effect on bacterial diver-
sity in faeces and saliva after amoxicillin
treatment. However, they found an in-
crease in antibiotic resistance genes be-
longing to the blaTEM and multidrug
resistance category post antibiotic treat-
ment.

Discussion

The clinical implications of the study find-
ings and suggested areas for future re-
search are discussed below.

The same multi-field search was used
for all of the databases by combining the
key words in PICO format using Boolean
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a.

Study %

Risk Ratio (95% CIVeight
Amoxicillin-clavulanic acid
Arteagoitia  (2005) I 6.24 (1.43,27.18) 23.63
Lacasa (2007) — 1.53(0.43,5.49) 27.64
Arteagoitia (2015) ———*— 11.60(1.56, 86.39) 15.67
Subtotal (I-squared =46.4%, p = 0.155) <> 4.12(1.21, 14.00) 66.94
Amoxicillin
Lopez-cedrun  (2011) - 1.57 (0.55,4.50)  33.06
Siddigi (2010) ' (Excluded) 0.00
Bezerra (2011) (Excluded) 0.00
Pasupathy (2011) : (Excluded) 0.00
Adde (2012) ! (Excluded) 0.00
Subtotal (I-squared =.%,p=".) <:> 1.57 (0.55,4.50) 33.06
Overall (I-squared =44.2%, p = 0.146) <> 2.95(1.16,7.50)  100.00

T T T T . T T T
1255124 10 100
b.

Study Risk %
ID Ratio (95% CI) ~ Weight
Pre
Lopez-cedrun (2011) -1 1.57 (0.55,4.50) 33.06
Arteagoitia  (2015) T 11.60(1.56, 86.39)15.67
Pasupathy (2011) : (Excluded) 0.00
Bezerra (2011) : (Excluded) 0.00
Subtotal (I-squared =69.8%, p = 0.069 T 3.59 (0.47,27.40) 48.74
Post
Arteagoitia (2005) —_ 6.24 (1.43,27.18) 23.63
Adde (2012) 1 (Excluded) 0.00
Subtotal (I-squared =.%, p=") === 624(1.43,27.18) 23.63
Mixed :
Lacasa (2007) 1 1.53 (0.43,5.49) 27.64
Siddigi (2010) : (Excluded) 0.00
Subtotal (I-squared =.%,p=".) <:> 1.53(0.43,5.49) 27.64
Overall (I-squared =44.2%, p = 0.146) |<<> 2,95 (1.16,7.50) 100.00

1255124 10

100

Fig. 3. (a) Meta-analysis with random-effects model for the relative risk of adverse effects with
the use of amoxicillin—clavulanic acid and amoxicillin overall and individually. (b) Meta-
analysis with random-effects model for the relative risk of adverse effects in groups classified
according to the time of antibiotic administration: pre-surgery (pre), post-surgery (post), and

mixed pre- and post-surgery.

operators ‘AND’ and ‘OR’. The overall
number of initial hits from the databases
was lower than that reported in a previous
review that investigated amoxicillin use in
third molar surgery”’. The results from the
search strategy employed in the present
study highlight the benefits of employing
carefully selected consistent medical sub-
ject heading (MeSH) terms in a PICO
format, combined by Boolean operators
‘AND’ and ‘OR’ in generating compre-
hensive yet accurate results based on the

research question. However, the limited
number of results for Medline-Ovid as
compared to PubMed suggests that this
strategy is not suited for searching the
Medline-Ovid database.

The study by Adde et al.* was excluded
from the meta-analysis of the relative risk
of infection since no infections were
reported in either treatment group, and
any measure of effect summarized as a
ratio such as the relative risk is undefined.
Overall, the present study results showed
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that the use of amoxicillin—clavulanic acid
combination and amoxicillin alone, irre-
spective of the time of administration,
significantly reduced postoperative infec-
tion after third molar surgery. However,
when split-mouth studies on amoxicillin
were excluded, the use of amoxicillin
alone and preoperative antibiotic use were
found not to result in a reduction in the risk
of infection after third molar extraction.
The differences in results when studies
with a split-mouth design were excluded
might have been due to the lack of power
as a result of the limited number of studies
remaining after exclusion. However, in the
split-mouth studies investigating antibiot-
ic use in which patients received antibio-
tics after the extraction on the first side, the
time allowed in the crossover design was
not sufficient for the associated bacterial
shift to re-establish the normal flora before
the second extraction. This may have in-
troduced bias with regard to the second
extraction in the same patient. There have
been numerous recent reports on the im-
pact of antibiotic treatment on the oral
microbiome suggesting that antibiotic
use in an individual might alter the oral
microbiome, which may take up to
3 months or longer to revert to its pre-
treatment state®'>*. Hence it is proposed
that future RCTs investigating antibiotic
use for third molar extraction should ide-
ally schedule the second extraction in the
same patient after an extended crossover
period to eliminate bias.

The NNT values provide useful infor-
mation to clinicians regarding the number
of patients who need to be treated with an
antibiotic to prevent one additional case of
infection®”. It was found that 10 patients
needed to be treated with amoxicillin—
clavulanic acid and 26 with amoxicillin
alone to prevent one case of postoperative
infection. When considered in light of the
fact that most postoperative infections in a
minor surgical procedure like third molar
surgery usually resolve completely after
rescue medication®®>? and the paucity of
longitudinal clinical trials evaluating the
impact of antibiotic treatment on the de-
velopment of antibiotic-resistant bacteria,
this information suggests that the prophy-
lactic use of amoxicillin for this procedure
based on current evidence should be in-
vestigated further.

Arteagoitia et al.>” have previously in-
vestigated the effectiveness of amoxicillin
and amoxicillin—clavulanic acid for the
prevention of dry socket and infections
after third molar surgery. They found a
significant difference in the reduction of
infection when comparing the
amoxicillin—clavulanic acid group to the
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amoxicillin group, with the latter shown to
be ineffective. The present review indi-
cates that both are effective and that the
difference in results could be attributed to
the additional studies that were excluded
from the present review based on the
predetermined exclusion criteria (Table
I; Supplementary Material, File S2).
However, in this review, when the split-
mouth studies were excluded from the
analysis, the risk reduction was found
not to be significant with amoxicillin. This
result may be due to the limited number of
remaining studies after exclusion based on
the study design and hence the consequent
lack of power. Further, a stratified analysis
based on the time of administration of the
antibiotic (pre-surgery, post-surgery, or
mixed) was performed in this review.
Moreover, the present authors propose
the addition of outcomes related to anti-
biotic resistance in future trials investigat-
ing antibiotic use in third molar surgery
following the evaluation of studies inves-
tigating related outcomes in healthy
volunteers after amoxicillin use. Both
reviews focused on the most common
antibiotic used for third molar surgery
and agree in the questionability of pro-
phylactic amoxicillin use to prevent infec-
tions considering the number needed to
treat and the potential harms of antibiotic
use.

Apart from determining targeted anti-
biotic prescription, there is also the need
to investigate the possible long-term se-
quelae of dental antibiotic prescriptions,
which are rampant in certain countries. An
understanding of these harmful effects
will help develop guidelines to reduce
the over-prescription and speculation in
antibiotic treatment. Four papers — Adde
et al.**, Pasupathy and Alexander*’, Sid-
diqi et al.>°, and Bezerra et al.>! — were
excluded from the meta-analysis of the
relative risk of adverse effects, since no
adverse reactions were reported in these
studies, therefore they contained no
events in either group, and any measure
of effect summarized as a ratio such as the
relative risk is undefined. The results
showed that amoxicillin—clavulanic acid
was associated with a higher risk of ad-
verse effects related to antibiotic use.
Amoxicillin when used alone was associ-
ated with a relatively lower risk of adverse
effects when compared to amoxicillin—
clavulanic acid. Further, only the postop-
erative use of antibiotics was found to be
significantly associated with an increased
chance of adverse effects.

The NNH value indicates the number of
patients who need to be treated before a
harmful outcome is reported>”. Compara-

More profound effect on gut

Increase in beta-lactamase
resistance and MDR after
flora compared to saliva

Increase in blaTEM-
AMX treatment

positive E. coli, tetB-
skin that persisted up to

diversity after antibiotic
6 months

treatment in gut, saliva, and
duration in antibiotic

diversity for a greater
treatment

isolates after AMX

treatment
Decrease in bacterial

Greater reduction in

Key findings
positive E. coli, and MDR

Adverse outcomes
Group 1: 3/15
Group 2: 2/14
Group 1: 2/14
Group 2: 0/13

No adverse
outcomes reported

DNA extraction, 16S rRNA

DNA extraction, 16S rRNA
gene sequencing

DNA microarray of 75
resistance genes from
purified faecal Gram-
negative bacterial isolates
gene sequencing,
metagenomic shotgun
sequencing of selected
samples and resistome
analysis with ARDB

Technique

sample collection
Baseline, day 11, 1 month,
2 months, 4 months, 1 year
Baseline, 1 week, 1 month,
2 months, 4 months, 1 year
Baseline, 3 days, 1 week,
2 months, 6 months

Time points of

Sample
collected
Faeces
Faeces,
saliva
Faeces,
saliva,
swab

skin

Sample
size

29

29

24

three times daily for 7 days
Group 2: placebo

therapy, 500 mg twice daily
Group 2: AMX 7-day
therapy, 500 mg twice daily
Placebo: 500 mg vitamin C

Group 1: AMX 250 mg
twice daily

Antibiotics: dose

and duration

Group 1: AMX
Group 2: placebo
Group 1: AMX 3-day

AMX, amoxicillin, ARDB, Antibiotic Resistance Genes Database; CLA, clavulanic acid; E. coli, Escherichia coli; MDR, multi-drug resistance.

Table 3. Selected studies involving amoxicillin treatment for healthy volunteers.

Author

Year
et al. 2014

Zaura et al.
Abeles et al.
2016

Kirchner
2015



tively, the use of amoxicillin alone was
found to be less harmful, as 125 patients
need to be treated with amoxicillin before
an adverse effect is reported. However, for
amoxicillin—clavulanic acid, an adverse
effect is reported for every 15 additional
patients. These results should be inter-
preted with caution, as four of the included
studies on amoxicillin did not report on the
adverse effects after amoxicillin use***’

>! Incomplete reporting of outcomes of
RCTs in this instance regarding the ad-
verse effects of antibiotics will eventually
encourage clinical prescription practices
that are based on biased evidence.

Further, adverse outcomes of antibiotic
use are not restricted to short-term side
effects alone, as measured by these stud-
ies. Studies that have investigated the
adverse outcomes related to antibiotic
use in third molar surgery have previously
restricted their outcome assessment to
common immediate side effects like diar-
rhoea, nausea, and vomiting and those not
related to antibiotic use, like headache'®.
The present review included prospective
studies in which amoxicillin was admin-
istered to healthy volunteers in addition to
studies assessing amoxicillin use for third
molar surgery because of the absence of
any study that has looked into the impact
of antibiotic treatment on bacterial diver-
sity and antibiotic resistance after third
molar surgery.

There is increasing interest and evi-
dence on the detrimental longer-term im-
pact of antibiotic use with regard to
antibiotic resistance. Evidence from the
three studies included in this review clear-
ly demonstrated a prolonged impact on
bacterial diversity and antibiotic resis-
tance in healthy volunteers after amoxicil-
lin treatment. Amoxicillin use led to an
increase in antibiotic resistance genes be-
longing to the blaTEM class, as well as
multidrug resistance genes post exposure
to the antibiotic’>>*. The increase in bla-
TEM-positive E. coli in the gut following
amoxicillin use is disturbing and may
indicate the proliferation of a multi-resis-
tant E. coli or spread of a multi-resistant
plasmid. The potential of plasmids to
spread between bacteria has been demon-
strated previously in the gut®’. blaTEM
generate ampicillin and penicillin resis-
tance in Gram-negative bacteria like Hae-
mophilus  influenzae and  Neisseria
gonorrhoeae. Further they can promote
multidrug resistance in the form of extend-
ed-spectrum beta-lactamases after specific
mutations®'®%. Alterations in bacterial di-
versity have previously been associated
with disease states at different sites®>%?,
mainly caused by a dysbiosis of a ‘healthy

Amoxicillin in third molar extractions

core microbiome™**>. A persistent reduc-
tion in bacterial diversity in the gut, saliva,
and skin after amoxicillin use up to 6
months is a significant finding that must
be considered when evaluating the cost—
benefit ratio of antibiotic use, in situations
where it can be avoided.

It is aimed to present these critical
findings regarding antibiotic use to clinical
practitioners and decision-makers for con-
sideration in the development of guide-
lines for antibiotic use in minor surgical
procedures with minimal infection rates.

Amoxicillin and amoxicillin—clavulanic
acid appear to be the most preferred anti-
biotics among dentists worldwide when
attempting to prevent infection after third
molar surgery”*>"%>"%%_ Even though the
data are based on questionnaire studies,
which have inherent biases associated
with them, the results of these studies
clearly highlight the lack of guidelines
for antibiotic prescriptions in third molar
surgery. When compared to question-
naires, the use of audits®® and evalua-
tions®® could represent a more effective
way of analyzing prescription patterns,
since questionnaires have potential bias
and low response rates>*>. The efficiency
of audits in modifying prescribing habits
has been demonstrated previously by
Steed and Gibson’’. To facilitate accurate
audits and evaluations, proper documen-
tation of case variables, antibiotic pre-
scriptions, and infections, including the
microbiological data, is needed.

Evidence suggests that continuing edu-
cation based on previous survey findings
seems to have little impact on prescription
practices and that no microbiological di-
agnosis is performed before antibiotic pre-
scription®, which is quite alarming.
Further, when managing these postopera-
tive infections, the appropriate prescrip-
tion of antibiotics clinically should
include a thorough understanding of the
likely organisms involved in the infection,
which in turn will avoid the prescription of
unsuitable antibiotics. Therefore, knowl-
edge of the evidence base for prescribing
antibiotics should prevent unnecessary
and detrimental contributions to the global
threat posed by antibiotic resistance.

A detailed analysis of the microbiolog-
ical outcomes of third molar infections is
heavily constrained due to the limitations
associated with culture-based methods.
Also, culture methods selectively screen
using particular media, which further lim-
its a full profile examination of the patho-
genic infection. Recent next-generation
sequencing techniques like 16S rRNA
gene sequencing allow more precise anal-
ysis of bacterial profiling and should be
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utilized in this regard; these could deliver
a vast amount of information regarding the
microorganisms. Further, shotgun metage-
nomic and transcriptomics techniques
could be used to evaluate the functional
potential of the microorganisms identified.
This information could lead to the devel-
opment of novel specific antibacterial
strategies in place of widespread non-spe-
cific broad-spectrum antibiotic use.

The results of this systematic review
and meta-analysis show that both
amoxicillin—clavulanic acid and amoxicil-
lin are effective in the prevention of post-
operative infection and complications
after third molar surgery. However, stud-
ies with a split-mouth protocol have been
designed with inadequate crossover peri-
ods, further questioning the reliability of
the data on the use of amoxicillin alone
and its effectiveness. There is a signifi-
cantly higher chance of adverse effects
after amoxicillin—clavulanic acid use. Al-
though amoxicillin is not associated with
significant adverse effects, most of the
selected studies on amoxicillin use have
not reported adequately regarding short-
term adverse effects. Further, there is evi-
dence that the use of amoxicillin is asso-
ciated with a sustained reduction in
bacterial diversity and elevation in antibi-
otic resistance in healthy volunteers. How-
ever, no such data exist for amoxicillin—
clavulanic acid use.

Clinical practitioners should be made
aware of the adverse outcomes of amoxi-
cillin use in healthy adults, including
changes in bacterial diversity and resis-
tance. Considering the limited information
on the microbiology of post-treatment
infections, biased information on prescrip-
tion patterns, and the absence of long-term
evaluation of patients who did not report
with infections after antibiotic treatment
with regard to the development of antibi-
otic resistance, three important areas for
future research in third molar infections
were identified: (1) The use of next-gen-
eration sequencing techniques to identify
the microbiome of post-treatment infec-
tions after third molar surgery. (2) Improv-
ing documentation of clinical and
microbiological variables, enabling accu-
rate periodic audits and evaluations for
antibiotic use and infection rates. (3)
Long-term evaluation of clinical samples
from patients undergoing third molar ex-
traction and antibiotic treatment to assess
the impact on antibiotic resistance. Studies
in these three areas would bring us a step
closer to developing guidelines for effec-
tive and ethical antibiotic prescription for
dental surgical procedures including third
molar extractions.



272

Menon et al.

Funding

None to declare.

Competing interests

None to declare.

Ethical approval

Not required.

Patient consent

Not required.

Appendix A. Supplementary data

Supplementary data associated with

this article can be found, in the online
version, at https://doi.org/10.1016/j.ijom.
2018.08.002.

References

1.

Benediktsdottir IS, Wenzel A, Petersen JK,
Hintze H. Mandibular third molar removal:
risk indicators for extended operation time,
postoperative pain, and complications. Oral
Surg Oral Med Oral Pathol Oral Radiol
Endod 2004;97:438-46.

. Bouloux GF, Steed MB, Perciaccante VJ.

Complications of third molar surgery. Oral
Maxillofac ~ Surg  Clin  North  Am
2007;19:117-28. vii.

. Bui CH, Seldin EB, Dodson TB. Types,

frequencies, and risk factors for complica-
tions after third molar extraction. J Oral
Maxillofac Surg 2003;61:1379-89.

. Chiapasco M, De Cicco L, Marrone G. Side

effects and complications associated with
third molar surgery. Oral Surg Oral Med
Oral Path 1993;76:412-20.

. de Boer MP, Raghoebar GM, Stegenga B,

Schoen PJ, Boering G. Complications after
mandibular third molar extraction. Quintes-
sence Int 1995;26:779-84.

. Goldberg MH, Nemarich AN, Marco WP.

Complications after mandibular third molar
surgery: a statistical analysis of 500 conse-
cutive procedures in private practice. J Am
Dent Assoc 1985;111:277-9.

. Haug RH, Perrott DH, Gonzalez ML, Talwar

RM. The American Association of Oral and
Maxillofacial Surgeons Age-Related Third
Molar Study. J Oral Maxillofac Surg
2005;63:1106-14.

. Osborn TP, Frederickson Jr G, Small IA,

Torgerson TS. A prospective study of com-
plications related to mandibular third molar
surgery. J  Oral  Maxillofac ~ Surg
1985;43:767-9.

. Sisk AL, Hammer WB, Shelton DW, Joy Jr

ED. Complications following removal of

10.

11.

12.

13.

15.

16.

17.

19.

20.

21.

22.

23.

24.

impacted third molars: the role of the expe-
rience of the surgeon. J Oral Maxillofac Surg
1986;44:855-9.

Lodi G, Figini L, Sardella A, Carrassi A, Del
Fabbro M, Furness S. Antibiotics to prevent
complications following tooth extractions.
Cochrane Database Syst Rev 2012;11.
Cd003811.

Friedman JW. The prophylactic extraction of
third molars: a public health hazard. Am J
Public Health 2007;97:1554-9.

Al-Sebaei MO, Jan AM. A survey to assess
knowledge, practice, and attitude of dentists
in the Western region of Saudi Arabia. Saudi
Med J 2016;37:440-5.

Azodo CC, Ojehanon PI. Antibiotics pre-
scription in Nigerian dental healthcare ser-
vices. Odontostomatol Trop 2014;37:34-42.

. Dar-Odeh NS, Abu-Hammad OA, Khraisat

AS, El Maaytah MA, Shehabi A. An analysis
of therapeutic, adult antibiotic prescriptions
issued by dental practitioners in Jordan.
Chemotherapy 2008;54:17-22.

Garg AK, Agrawal N, Tewari RK, Kumar A,
Chandra A. Antibiotic prescription pattern
among Indian oral healthcare providers: a
cross-sectional survey. J Antimicrob Che-
mother 2014;69:526-8.

Halboub E, Alzaili A, Quadri MF, Al-Haroni
M, Al-Obaida MI, Al-Hebshi NN. Antibiotic
prescription knowledge of dentists in King-
dom of Saudi Arabia: an online, country-
wide survey. J Contemp Dent Pract
2016;17:198-204.

Ogunbodede EO, Fatusi OA, Folayan MO,
Olayiwola G. Retrospective survey of anti-
biotic prescriptions in dentistry. J Contemp
Dent Pract 2005;6:64-71.

. Palmer NA, Pealing R, Ireland RS, Martin

MV. A study of therapeutic antibiotic pre-
scribing in National Health Service general
dental practice in England. Br Dent J
2000;188:554-8.

Peric M, Perkovic I, Romic M, Simeon P,
Matijevic J, Mehicic GP, Krmek SJ. The
pattern of antibiotic prescribing by dental
practitioners in Zagreb Croatia. Cent Eur J
Public Health 2015;23:83-9.

Preus HR, Albandar JM, Gjermo P. Antibi-
otic prescribing practices among Norwegian
dentists. Scand J Dent Res 1992;100:232-5.
Roberts RM, Bartoces M, Thompson SE,
Hicks LA. Antibiotic prescribing by general
dentists in the United States, 2013. J Am
Dent Assoc 2017;148:172-8. el.

Roy KM, Bagg J. Antibiotic prescribing by
general dental practitioners in the Greater
Glasgow Health Board Scotland. Br Dent J
2000;188:674—6.

Sarkar C, Das B, Baral P. An audit of drug
prescribing practices of dentists. Indian J
Dent Res 2004;15:58-61.

Kohler M, Meyer J, Linder M, Lambrecht JT,
Filippi A, Kulik Kunz EM. Prescription of
antibiotics in the dental practice: a survey of
dentists in Switzerland. Schweiz Monatsschr
Zahnmed 2013;123:748-59.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

Vicek D, Razavi A, Kuttenberger JJ. Anti-
biotics in third molar surgery. Swiss Dent J
2014;124:294-302.

Goud SR, Nagesh L, Fernandes S. Are we
eliminating cures with antibiotic abuse? A
study among dentists. Niger J Clin Pract
2012;15:151-5.

Sancho-Puchades M, Herraez-Vilas JM, Val-
maseda-Castellon E, Berini-Aytes L, Gay-
Escoda C. Analysis of the antibiotic prophy-
laxis prescribed by Spanish oral surgeons.
Med Oral Patol Oral Cir Bucal 2009;14:
e533-7.

Ramos E, Santamaria J, Santamaria G, Barb-
ier L, Arteagoitia I. Do systemic antibiotics
prevent dry socket and infection after third
molar extraction? A systematic review and
meta-analysis. Oral Surg Oral Med Oral
Pathol Oral Radiol 2016;122:403-25.
Arteagoitia MI, Barbier L, Santamaria J,
Santamaria G, Ramos E. Efficacy of amoxi-
cillin and amoxicillin/clavulanic acid in the
prevention of infection and dry socket after
third molar extraction: a systematic review
and meta-analysis. Med Oral Patol Oral Cir
Bucal 2016;21:e494-504.

Leibovici L, Paul M, Garner P, Sinclair DJ,
Afshari A, Pace NL, Cullum N, Williams
HC, Smyth A, Skoetz N, Del Mar C, Schilder
AG, Yahav D, Tovey D. Addressing resis-
tance to antibiotics in systematic reviews of
antibiotic interventions. J Antimicrob Che-
mother 2016;71:2367-9.

Jakobsson HE, Jernberg C, Andersson AF,
Sjolund-Karlsson M, Jansson JK, Engstrand
L. Short-term antibiotic treatment has differ-
ing long-term impacts on the human throat
and gut microbiome. PLoS One 2010;5:
€9836.

Jernberg C, Lofmark S, Edlund C, Jansson
JK. Long-term impacts of antibiotic expo-
sure on the human intestinal microbiota.
Microbiology 2010;156:3216-23. (Pt 11).
Lofmark S, Jernberg C, Jansson JK, Edlund
C. Clindamycin-induced enrichment and
long-term persistence of resistant Bacter-
oides spp. and resistance genes. J Antimicrob
Chemother 2006;58:1160-7.

Bik EM, Long CD, Armitage GC, Loomer P,
Emerson J, Mongodin EF, Nelson KE, Gill
SR, Fraser-Liggett CM, Relman DA. Bacte-
rial diversity in the oral cavity of 10 healthy
individuals. ISME J 2010;4:962-74.

Zaura E, Keijser BJ, Huse SM, Crielaard W.
Defining the healthy ‘core microbiome’ of
oral microbial communities. BMC Microbiol
2009;9:259.

Sullivan A, Edlund C, Nord CE. Effect of
antimicrobial agents on the ecological bal-
ance of human microflora. Lancet Infect Dis
2001;1:101-14.

Nord CE, Edlund C. Impact of antimicrobial
agents on human intestinal microflora. J
Chemother 1990;2:218-37.

Levy J. The effects of antibiotic use on
gastrointestinal function. Am J Gastroen-
terol 2000;95(1 Suppl):S8-10.


https://doi.org/10.1016/j.ijom.2018.08.002
https://doi.org/10.1016/j.ijom.2018.08.002
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0065
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0065
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0065
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0070
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0070
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0070
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0070
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0070
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0075
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0075
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0075
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0075
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0075
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0105
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0105
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0105
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0105
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0110
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0110
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0110
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0110
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0115
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0115
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0115
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0120
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0120
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0120
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0120
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0120
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0125
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0125
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0125
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0170
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0170
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0170
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0170
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0170
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0175
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0175
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0175
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0175
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0180
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0180
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0180
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0180
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0190
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0190
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0190

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Butler CC, Simpson SA, Dunstan F, Rollnick
S, Cohen D, Gillespie D, Evans MR, Alam
MF, Bekkers MJ, Evans J, Moore L, Howe R,
Hayes J, Hare M, Hood K. Effectiveness of
multifaceted educational programme to re-
duce antibiotic dispensing in primary care:
practice based randomised controlled trial.
BMJ 2012;344:d8173.

Higgins JP, Green S. Cochrane handbook for
systematic reviews of interventions version
5.1.0 updated March 2011. The Cochrane
Collaboration; 2011.

Stata statistical software: version 13.1. Col-
lege Station, TX : StataCorp LP, 2013.
Hirji KF, Fagerland MW. Calculating unre-
ported confidence intervals for paired data.
BMC Med Res Methodol 2011;11:66.

Zou GY. One relative risk versus two odds
ratios: implications for meta-analyses in-
volving paired and unpaired binary data.
Clin Trials 2007;4:25-31.

Adde CA, Soares MS, Romano MM, Carna-
val TG, Sampaio RM, Aldarvis FP, Federico
LR. Clinical and surgical evaluation of the
indication of postoperative antibiotic pre-
scription in third molar surgery. Oral Surg
Oral Med Oral Pathol Oral Radiol 2012;114
(5 Suppl):S26-31.

Arteagoitia [, Diez A, Barbier L, Santamaria
G, Santamaria J. Efficacy of amoxicillin/
clavulanic acid in preventing infectious
and inflammatory complications following
impacted mandibular third molar extraction.
Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2005;100:e11-8.

Arteagoitia I, Ramos E, Santamaria G, Barb-
ier L, Alvarez J, Santamaria J. Amoxicillin/
clavulanic acid 2000/125 mg to prevent
complications due to infection following
completely bone-impacted lower third molar
removal: a clinical trial. Oral Surg Oral Med
Oral Pathol Oral Radiol 2015;119:8-16.
Lacasa JM, Jimenez JA, Ferras V, Bossom
M, Sola-Morales O, Garcia-Rey C, Aguilar
L, Garau J. Prophylaxis versus pre-emptive
treatment for infective and inflammatory
complications of surgical third molar remov-
al: arandomized, double-blind, placebo-con-
trolled, clinical trial with sustained release
amoxicillin/clavulanic acid (1000/62.5 mg).
Int J Oral Maxillofac Surg 2007;36:321-7.
Lopez-Cedrin J, Pijoan J, Fernandez S,
Santamaria J, Hernandez G. Efficacy of
amoxicillin treatment in preventing postop-
erative complications in patients undergoing
third molar surgery: a prospective, random-
ized, double-blind controlled study. J Oral
Maxillofac Surg 2011;69:e5-14.

Pasupathy S, Alexander M. Antibiotic pro-
phylaxis in third molar surgery. J Craniofac
Surg 2011;22:551-3.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Amoxicillin in third molar extractions

Siddiqi A, Morkel JA, Zafar S. Antibiotic
prophylaxis in third molar surgery: a ran-
domized double-blind placebo-controlled
clinical trial using split-mouth technique.
Int J Oral Maxillofac Surg 2010;39:107-14.
Bezerra TP, Studart-Soares EC, Scaparo HC,
Pita-Neto IC, Batista SH, Fonteles CS. Pro-
phylaxis versus placebo treatment for infec-
tive and inflammatory complications of
surgical third molar removal: a split-mouth,
double-blind, controlled, clinical trial with
amoxicillin (500 mg). J Oral Maxillofac
Surg 2011;69:¢333-9.

Abeles SR, Jones MB, Santiago-Rodriguez
TM, Ly M, Klitgord N, Yooseph S, Nelson
KE, Pride DT. Microbial diversity in indi-
viduals and their household contacts follow-
ing typical antibiotic courses. Microbiome
2016:4:39.

Kirchner M, Mafura M, Hunt T, Abu-Oun M,
Nunez-Garcia J, Hu Y, Weile J, Coates A,
Card R, Anjum MF. Antimicrobial resistance
characteristics and fitness of Gram-negative
fecal bacteria from volunteers treated with
minocycline or amoxicillin. Front Microbiol
2014;5:722.

Zaura E, Brandt BW, Teixeira de Mattos MJ,
Buijs MJ, Caspers MP, Rashid MU, Wein-
traub A, Nord CE, Savell A, Hu Y, Coates
AR, Hubank M, Spratt DA, Wilson M, Keij-
ser BJ, Crielaard W. Same exposure but two
radically different responses to antibiotics:
resilience of the salivary microbiome versus
long-term microbial shifts in feces. MBio
2015:6. e01693-15.

Sedgwick P. Numbers needed to treat and
harm. BMJ 2010;341. ¢5731.

Figueiredo R, Valmaseda-Castellon E, For-
moso-Senande MF, Berini-Aytés L, Gay-
Escoda C. Delayed-onset infections after
impacted lower third molar extraction: in-
volved bacteria and sensitivity profiles to
commonly used antibiotics. Oral Surg Oral
Med Oral Pathol Oral Radiol 2012;114:43—
8.

Moses JJ, Lange CR, Arredondo A. Septic
arthritis of the temporomandibular joint after
the removal of third molars. J Oral Max-
illofac Surg 1998;56:510-2.

de Oliveira Neto PJ, de Souza Maliska MC,
Sawazaki R, Asprino L, de Moraes M, Mor-
eira RW. Temporal abscess after third molar
extraction in the mandible. Oral Maxillofac
Surg 2012;16:107-10.

Sakkas N, Schoen R, Schmelzeisen R. Or-
bital abscess after extraction of a maxillary
wisdom tooth. Br J Oral Maxillofac Surg
2007:;45:245-6.

Stecher B, Denzler R, Maier L, Bernet F,
Sanders MJ, Pickard DJ, Barthel M, Wes-
tendorf AM, Krogfelt KA, Walker AW, Ack-

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

273

ermann M, Dobrindt U, Thomson NR, Hardt
WD. Gut inflammation can boost horizontal
gene transfer between pathogenic and com-
mensal Enterobacteriaceae. Proc Natl Acad
Sci U S A 2012;109:1269-74.

Paterson DL, Bonomo RA. Extended-spec-
trum beta-lactamases: a clinical update. Clin
Microbiol Rev 2005;18:657-86.

Malloy AM, Campos JM. Extended-spec-
trum beta-lactamases: a brief clinical update.
Pediatr Infect Dis J 2011;30:1092-3.

Yang F, Zeng X, Ning K, Liu KL, Lo CC,
Wang W, Chen J, Wang D, Huang R, Chang
X, Chain PS, Xie G, Ling J, Xu J. Saliva
microbiomes distinguish caries-active from
healthy human populations. ISME J
2012;6:1-10.

Takeshita T, Kageyama S, Furuta M, Tsuboi
H, Takeuchi K, Shibata Y, Shimazaki Y,
Akifusa S, Ninomiya T, Kiyohara Y, Yama-
shita Y. Bacterial diversity in saliva and oral
health-related conditions: the Hisayama
Study. Sci Rep 2016;6:22164.

Demirbas F, Gjermo PE, Preus HR. Antibi-
otic prescribing practices among Norwegian
dentists. Acta Odontol Scand 2006;64:355—
9.

Thomas DW, Hill CM. An audit of antibiotic
prescribing in third molar surgery. Br J Oral
Maxillofac Surg 1997;35:126-8.
Arteagoitia MI, Ramos E, Santamaria G,
Alvarez J, Barbier L, Santamaria J. Survey
of Spanish dentists on the prescription of
antibiotics and antiseptics in surgery for
impacted lower third molars. Med Oral Patol
Oral Cir Bucal 2016;21:e82-7.

Jaunay T, Sambrook P, Goss A. Antibiotic
prescribing practices by South Australian
general dental practitioners. Aust Dent J
2000;45:179-86. quiz 214.

Dyer TA. A five-year evaluation of an NHS
dental practice-based specialist minor oral
surgery service. Community Dent Health
2013;30:219-26.

Steed M, Gibson J. An audit of antibiotic
prescribing in general dental practice. Prim
Dent Care 1997;4:66-70.

Address:

Michael George Botelho
Faculty of Dentistry

The University of Hong Kong
Prince Philip Dental Hospital
Floor 3

Street 34 Hospital Rd

Sai Ying Pun

Hong Kong

Tel.: +852 2859 0412
E-mail: botelho@hlku.hk


http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0200
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0200
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0200
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0200
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0210
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0210
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0210
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0215
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0215
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0215
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0215
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0220
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0220
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0220
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0220
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0220
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0220
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0220
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0225
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0225
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0225
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0225
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0225
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0225
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0225
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0230
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0230
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0230
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0230
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0230
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0230
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0230
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0235
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0235
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0235
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0235
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0235
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0235
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0235
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0235
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0235
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0240
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0240
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0240
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0240
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0240
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0240
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0240
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0245
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0245
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0245
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0250
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0250
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0250
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0250
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0250
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0255
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0255
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0255
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0255
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0255
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0255
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0255
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0255
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0260
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0260
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0260
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0260
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0260
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0260
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0265
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0265
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0265
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0265
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0265
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0265
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0265
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0270
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0270
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0270
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0270
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0270
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0270
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0270
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0270
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0270
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0275
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0275
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0280
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0280
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0280
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0280
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0280
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0280
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0280
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0280
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0285
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0285
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0285
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0285
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0290
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0290
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0290
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0290
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0290
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0295
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0295
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0295
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0295
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0300
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0300
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0300
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0300
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0300
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0300
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0300
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0300
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0305
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0305
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0305
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0310
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0310
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0310
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0315
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0315
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0315
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0315
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0315
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0315
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0320
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0320
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0320
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0320
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0320
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0320
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0325
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0325
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0325
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0325
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0330
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0330
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0330
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0335
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0335
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0335
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0335
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0335
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0335
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0340
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0340
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0340
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0340
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0345
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0345
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0345
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0345
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0350
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0350
http://refhub.elsevier.com/S0901-5027(18)30318-7/sbref0350
mailto:botelho@hku.hk

	Does the use of amoxicillin/amoxicillin–clavulanic acid in third molar surgery reduce the risk of postoperative infection?...
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Funding
	Competing interests
	Ethical approval
	Patient consent
	Appendix A Supplementary data
	References


