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Dental implant rehabilitation success is influenced by 
intraoperative or postoperative infections, which 

are recognized as a possible cause of osseointegration 

failure.1 Dental implant structure is difficult to decon-
taminate, and therefore, very careful control of periop-
erative infections is believed to be a key factor for the 
success of the whole therapy. Many other factors influ-
ence the outcome of implant therapy, such as operator’s 
skills, smoking, and systemic conditions of the patients.2

Antibiotic treatment during implant surgery was first 
described by Adell et al, who suggested the extension 
of antibiotic administration the first week after surgery.3 
Since then, the opportunity to take antibiotics in con-
junction with implant therapy has been repeatedly 
questioned.

There is still no accordance on the antibiotic pro-
phylaxis regimen to prevent failures or postoperative 
infections in healthy patients undergoing standard 
implant surgery: some authors proposed single-dose 
administration preoperatively4,5; others suggested the 
preoperative dose, followed by postoperative adminis-
tration twice a day6,7; others suggested only postopera-
tive administration.8,9 There is also no accordance on 
the preoperative dosage: single doses of 1, 2, and 3 g 
have been proposed either in single administration or 
followed by postoperative administration. Considering 
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the growing problem of antimicrobial resistance with 
progressive loss of antibiotic efficacy and the increas-
ing number of dental implants placed every year, it is 
mandatory to identify a common strategy on antibiotic 
prescription.

Among the different prescribing habits, there is 
quite a concordance on the choice of antibiotic. In fact, 
penicillin is considered by far the first-choice antibiotic 
prophylaxis in implant surgery.10

Many clinical trials addressed this topic: some au-
thors reported no significant differences in the outcome 
of dental implants in patients undergoing antibiotic 
prophylaxis.1–11 Conversely, an ITI consensus reported 
that one oral dose of antibiotic (amoxicillin), as a single 
administration, 1 hour preoperative significantly low-
ers the early implant failure risk, but no evidence was 
found on postoperative administration.2

The aim of the present systematic review was to 
evaluate if an antibiotic prophylaxis regimen reduces 
early implant failure and postoperative infection in 
healthy patients undergoing implant surgery.

MATERIALS AND METHODS

The present review was created in accordance with the 
PRISMA statement.12,13 The proposed focused ques-
tion for the present review was: “Is the use of antibiot-
ics able to decrease both failure rate and peri-implant 
infections associated with implant healing in healthy 
patients?” The focused question was established ac-
cording to the PICO strategy:

• Population: Healthy patients undergoing dental 
implant insertion

• Intervention: Any antibiotic therapy administered 
preoperatively, intraoperatively, postoperatively,  
or combinations of these 

• Comparison: Placebo or no antibiotic therapy
• Outcomes: Early implant failure and/or peri-implant 

infection

Early implant failure was expressed as an implant 
that failed to osseointegrate with mobility and/or any 
infection, dictating implant removal up to 6 months 
after implant insertion. Peri-implant infection was de-
fined as any complications such as suppuration, fistula, 
or abscess.

Search Strategy and Data Extraction
A comprehensive and systematic electronic search was 
created in the Cochrane Central Register of Controlled 
Trials (CENTRAL), MEDLINE via PubMed, Scopus, and 
Web of Science databases. The following combination 
of keywords was used: (((antibiotics OR antiseptics OR 

amoxicillin OR metronidazole))) AND ((“dental implant” 
OR implantology OR “oral implant”)). The whole search 
strategy is reported in Appendix Table 1 (see online ver-
sion of this article at quintpub.com). Studies between 
January 1990 and June 2019 were sought. Titles and/
or abstracts of selected studies were evaluated autono-
mously by two reviewers (L.S., R.G.) in order to select 
those publications that potentially meet the inclusion 
criteria. The full texts were retrieved and indepen-
dently assessed for eligibility by the two reviewers. Any 
disagreement between the reviewers was evaluated 
through discussion with a third reviewer (P.P.). A Micro-
soft Excel pre-piloted form was created to extract data 
from the included studies. This was used both for as-
sessment of study quality and for evidence synthesis. 
Extracted information included: study setting, study 
population, participant demographics and baseline 
characteristics, details of the intervention and control 
conditions, study methodology, antibiotic therapy, 
marginal bone level, use of sterile surgical environ-
ment, use of chlorhexidine before and after implant 
surgery, and information to assess the risk of bias. Two 
reviewers performed this process independently (L.B. 
and R.G.). Disagreements were identified and solved 
through discussion (with a third author [P.P.], if neces-
sary). The interreviewer reliability was evaluated with 
percentages of agreement and kappa coefficients.

The final search date was June 30, 2019.
Studies were included if the following inclusion cri-

teria were met:

• Randomized clinical trials (RCTs)
• At least 20 patients included
• Antibiotic therapy clearly described

Studies not meeting all these inclusion criteria were 
excluded. 

The following studies were also excluded:

• Studies on mini-implants and/or orthodontic mini 
screws

• Studies without a placebo or “no-antibiotic” group
• Studies including patients for whom prophylaxis 

was prescribed due to their medical history (eg, 
endocarditis)

• Studies investigating local antibiotic therapy

No language restrictions were applied.

Quality Assessment and Risk of Bias and 
Heterogeneity Assessment
The assessment of risk of bias in individual studies fol-
lowed the criteria established by Higgins et al.14

To measure the studies’ heterogeneity, Higgins 
Index15 and chi-square test16 were used.
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Data Synthesis and Statistical Analysis
Aggregate participant data, from each of the included 
studies, have been used in order to perform a quantita-
tive synthesis of the extracted data. Both patient-level 
and implant-level data were extracted (when avail-
able) for the analyzed outcomes and entered in Re-
view Manager version 5.2.8 (Cochrane Collaboration, 
2014). The risk ratio (RR) and its 95% confidence inter-
val were calculated as meta-analytic effects. A fixed- or 
a random-effect model was used on the basis of the 
presence/absence of heterogeneity (I2 > 50%). Differ-
ences between groups were analyzed using the inverse 
of variance test, setting a P value lower than .05 as the 
threshold of statistical significance. Additionally, in or-
der to evaluate the power of evidence and to adjust the 
meta-analytic findings for type 1 and 2 errors, a trial se-
quential analysis (TSA) was performed (software: Trial 
Sequential Analysis, v0.9 β, Copenhagen Trial Unit). 

RESULTS

Search
The flowchart reporting the results of study screen-
ing is presented in Fig 1. After duplicate removal, 338 
records were evaluated for titles and abstracts (agree-
ment = 94.23%; kappa = 0.61). Of these records, 320 
were excluded and 18 were evaluated for full-text 
analysis (agreement = 98.96%; kappa = 0.98). Reasons 
for exclusions are reported in Table 1. Finally, 9 articles 
were included for data extraction and quantitative 
analysis.4,5,7–9,11,17–19

Characteristics of the Included Studies
By applying the criteria described in the draft, a total 
of nine studies including 1,984 patients and 3,588 im-
plants were selected. A brief description of each select-
ed study is reported in Tables 2 and 3. Eight hundred 
eighty-five patients (1,617 implants) received no anti-
biotics or placebo therapy before the implant surgery; 
1,099 patients (1,971 implants) were placed with an an-
tibiotic therapy. 

Eight different antibiotic prophylactic therapies 
were applied as shown in Table 3. Among the studies 
analyzing prophylactic antibiotic therapy, the majority 
of them reported the use of 2 g of amoxicillin before 
surgery (791 patients and 1,533 implants). 

Fig 1  Flowchart of the included studies.
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Table 1   Excluded Studies and Reasons for 
Exclusion

No. Study Year Reason for exclusion

1 Laskin et al 2000 ATB dosage not specified

2 Dent et al 1987 ATB dosage not specified

3 Binahmed et al 2005 No RCT

4 Gynther et al 1998 No RCT

5 Hossein et al 2005 No RCT

6 Karaki et al 2011 No RCT

7 Morris et al 2004 No RCT

8 Arduino et al 2015 No placebo/no antibiotic group

9 El-Kholey et al 2014 No placebo/no antibiotic group

ATB = antiobiotic; RCT = randomized controlled trial. 
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Data for early implant failures are reported in 
Table 4; 71 implants failed in 46 patients in the placebo/
no-antibiotic groups, and 23 implants failed in 20 pa-
tients in the 2 g of amoxicillin before implant surgery 

group. Zero failures were detected in the other groups. 
Extracted data for the outcome peri-implant infections 
are reported in Table 5.

Table 2   Main Characteristics of Included Studies 

No. Study Year Country
Follow-up 
evaluation Implant brand

Oral hygiene or SRP 
before surgery

Bone 
grafting

Perio 
patient Smokers

Diabetes 
patients

One 
stage

Two 
stages Chlorhexidine pre Chlorhexidine post 

1 Nolan et al4 2014 Ireland 7 d Biomet 3i, Brånemark, Ankylos, Straumann NA No No Yes No Yes Yes 0.2% for 1 min 0.2% 4–5 times a day for 1 wk

2 Kashani et al5 2019 Sweden 4 mo Brånemark, Ankylos, Straumann, Astra NA Yes Yes Yes Yes Yes Yes NA NA

3 Caiazzo et al8 2011 Italy 3 mo Screw-type external hex Yes No Yes Yes Yes No Yes 0.2% for 1 min 0.2% twice a day for 15 d

4 Esposito et al18 2008 UK - Italy 
(Multicentric)

4 mo Zimmer, Xive, Nobel Biocare, Intra-Lock, Camlog, Dyna, Biomet 3i, 
Endopore

Yes No Yes Yes No Yes Yes No 0.2% twice a day for 1 wk

5 Esposito et al17 2010 UK - Italy 
(Multicentric)

4 mo Zimmer, Xive, Nobel Biocare, Intra-Lock, Camlog, Dyna, Biomet 3i, 
Endopore, Z-system, PF Tecom, Ghimas, Silpo, MegaGen, Geass

Yes No Yes Yes No Yes Yes 0.2% for 1 min 0.2% twice a day for 1 wk

6 Tan et al7 2014 Multicentre dif-
ferent country

1, 2, 4,  
8 wk

Straumann Yes No NA Yes NA Yes No 0.2% for 1 min No

7 Anitua et al19 2009 Spain 3 mo BTI Yes Yes NA Yes NA Yes Yes 0.2% for 1 min No

8 Abu-Ta’a et al11 2008 Belgium 5 mo NA NA NA NA Yes No NA NA 0.12% for 1 min Twice a day for 7–10 d

9 Moslemi et al9 2015 Iran 1, 3, 6 mo NA NA No No No No Yes No NA NA

NA = not available; SRP = scaling and root planing.

Table 3   Main Characteristics of the Included Studies: Number of Included Patients (Number of Included Implants)                                                        and Prophylactic Antibiotics Protocols  

No. Study
Placebo or 

no antibiotic
3 g amoxicillin 
before surgery

2 g amoxicillin or 
600 mg clindamycin 

before surgery
2 g amoxicillin 

postsurgery

2 g amoxicillin before 
surgery and 1 × 2 × 7 

postsurgery

Amoxicillin  
1 × 2 × 7 

postsurgery
500 mg amoxicillin 
× 3 × 7 postsurgery

1 g amoxicillin 
before and 500 mg 
× 4 × 2 postsurgery

2 g amoxicillin 
before and 500 mg 
× 3 × 2 postsurgery

1 Nolan et al4 28 (47) 27 (35)              

2 Kashani et al5 224 (428)   223 (535)            

3 Caiazzo et al8 25 (29)   25 (35)   25 (36) 25 (48)      

4 Esposito et al18 158 (355)   158 (341)            

5 Esposito et al17 254 (483)   252 (489)            

6 Tan et al7 80 (80)   81 (81) 82 (82)         86 (86)

7 Anitua et al19 53 (53)   52 (52)            

8 Abu-Ta’a et al11 40 (119)             40 (128)  

9 Moslemi et al9 23 (23)           23 (23)    

Total 1,984 (3,588) 885 (1,617) 27 (35) 791 (1,533) 82 (82) 25 (36) 25 (48) 23 (23) 40 (128) 86 (86)

1 × 2 × 7 = 1 g twice a day for 7 days.

Table 4   Main Characteristics of the Included Studies: Early Implant Failure and Number of Patients                                                                                    (Number of Implants)

No. Study
Placebo or 

no antibiotic
3 g amoxicillin 
before surgery

2 g amoxicillin or 
600 mg clindamycin 

before surgery
2 g amoxicillin 

postsurgery

2 g amoxicillin before 
surgery and 1 × 2 × 7 

postsurgery

Amoxicillin  
1 × 2 × 7 

postsurgery
500 mg × 3 × 7  

postsurgery

1 g amoxicillin 
before and 500 mg 
× 4 × 2 postsurgery

2 g amoxicillin 
before and 500 mg 
× 3 × 2 postsurgery

1 Nolan et al4) 5 (5) 0 (0)              

2 Kashani et al5 29 (32)   11 (12)            

3 Caiazzo et al8 2 (2)   0 (0)   0 (0) 0 (0)      

4 Esposito et al18 8 (9)   2 (2)            

5 Esposito et al17 12 (13)   5 (7)            

6 Tan et al7 1 (1)   0 (0) 0 (0)         0 (0)

7 Anitua et al19 2 (2)   2 (2)            

8 Abu-Ta’a et al11 3 (5)             0 (0)  

9 Moslemi et al9 2 (2)           0 (0)    

Total  84 (94) 64 (71) 0 (0) 20 (23) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

1 × 2 × 7 = 1 g twice a day for 7 days.
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Quality Assessment: Risk of Bias in Individual 
Studies
The risk of bias is summarized in Table 6. Assessment 
of quality rendered a low risk of bias for three of the 

studies.17–19 All the other studies presented at least 
one domain at high or unclear risk of bias. Selection bi-
ases were considered high in Kashani et al,5 while for 
Abu-ta’a et al11 and Moslemi et al,9 the risk was unclear. 
Attrition and selective reporting biases were high in 
Nolan et al.4 Caiazzo et al8 presented a high risk for per-
formance and detection bias. 

Meta-Analysis and TSA on Early Implant Failure
Because of the available data, meta-analysis and TSA 
were performed only for the outcome early implant 
failure at both implant level and patient level. The per-
centage of implant failure was 1.82 and 7.24 at the pa-
tient level in the antibiotics and no-antibiotics groups, 
respectively. The percentage of implant failure was 1.22 
and 4.19 at the implant level in the antibiotics and no-
antibiotics groups, respectively. At the patient level, 
the meta-analysis was performed with the fixed-effect 
model due to the presence of a low rate of heterogene-
ity (I2 = 0%). The forest plot in Fig 2 shows a statistically 
significant reduction in the rate of early implant failure 
associated with the use of antibiotics (RR = 0.32 [0.20, 
0.51], P > .001). Such results were also confirmed by the 
TSA after adjusting for type 1 and 2 errors; however, the 
power of evidence is still not sufficient to make defini-
tive conclusions, as revealed by the z-curve that did not 
cross the threshold of the required information size 
(Fig 3). Similar results were obtained after pooling the 
patient-level data with the fixed-effect model (I2 = 0%); 
in fact, such results (RR = 0.31 [0.20, 0.49], P > .001) con-
firmed the previously reported findings of the implant-
level analysis (Fig 4). 

The results of TSA confirmed such results after ad-
justing for the presence of type 1 and 2 errors; in ad-
dition, such analysis revealed that the number of 
implants analyzed was enough to consider the power 
of evidence as strong (Fig 5). 

Table 2   Main Characteristics of Included Studies 

No. Study Year Country
Follow-up 
evaluation Implant brand

Oral hygiene or SRP 
before surgery

Bone 
grafting

Perio 
patient Smokers

Diabetes 
patients

One 
stage

Two 
stages Chlorhexidine pre Chlorhexidine post 

1 Nolan et al4 2014 Ireland 7 d Biomet 3i, Brånemark, Ankylos, Straumann NA No No Yes No Yes Yes 0.2% for 1 min 0.2% 4–5 times a day for 1 wk

2 Kashani et al5 2019 Sweden 4 mo Brånemark, Ankylos, Straumann, Astra NA Yes Yes Yes Yes Yes Yes NA NA

3 Caiazzo et al8 2011 Italy 3 mo Screw-type external hex Yes No Yes Yes Yes No Yes 0.2% for 1 min 0.2% twice a day for 15 d

4 Esposito et al18 2008 UK - Italy 
(Multicentric)

4 mo Zimmer, Xive, Nobel Biocare, Intra-Lock, Camlog, Dyna, Biomet 3i, 
Endopore

Yes No Yes Yes No Yes Yes No 0.2% twice a day for 1 wk

5 Esposito et al17 2010 UK - Italy 
(Multicentric)

4 mo Zimmer, Xive, Nobel Biocare, Intra-Lock, Camlog, Dyna, Biomet 3i, 
Endopore, Z-system, PF Tecom, Ghimas, Silpo, MegaGen, Geass

Yes No Yes Yes No Yes Yes 0.2% for 1 min 0.2% twice a day for 1 wk

6 Tan et al7 2014 Multicentre dif-
ferent country

1, 2, 4,  
8 wk

Straumann Yes No NA Yes NA Yes No 0.2% for 1 min No

7 Anitua et al19 2009 Spain 3 mo BTI Yes Yes NA Yes NA Yes Yes 0.2% for 1 min No

8 Abu-Ta’a et al11 2008 Belgium 5 mo NA NA NA NA Yes No NA NA 0.12% for 1 min Twice a day for 7–10 d

9 Moslemi et al9 2015 Iran 1, 3, 6 mo NA NA No No No No Yes No NA NA

NA = not available; SRP = scaling and root planing.

Table 3   Main Characteristics of the Included Studies: Number of Included Patients (Number of Included Implants)                                                        and Prophylactic Antibiotics Protocols  

No. Study
Placebo or 

no antibiotic
3 g amoxicillin 
before surgery

2 g amoxicillin or 
600 mg clindamycin 

before surgery
2 g amoxicillin 

postsurgery

2 g amoxicillin before 
surgery and 1 × 2 × 7 

postsurgery

Amoxicillin  
1 × 2 × 7 

postsurgery
500 mg amoxicillin 
× 3 × 7 postsurgery

1 g amoxicillin 
before and 500 mg 
× 4 × 2 postsurgery

2 g amoxicillin 
before and 500 mg 
× 3 × 2 postsurgery

1 Nolan et al4 28 (47) 27 (35)              

2 Kashani et al5 224 (428)   223 (535)            

3 Caiazzo et al8 25 (29)   25 (35)   25 (36) 25 (48)      

4 Esposito et al18 158 (355)   158 (341)            

5 Esposito et al17 254 (483)   252 (489)            

6 Tan et al7 80 (80)   81 (81) 82 (82)         86 (86)

7 Anitua et al19 53 (53)   52 (52)            

8 Abu-Ta’a et al11 40 (119)             40 (128)  

9 Moslemi et al9 23 (23)           23 (23)    

Total 1,984 (3,588) 885 (1,617) 27 (35) 791 (1,533) 82 (82) 25 (36) 25 (48) 23 (23) 40 (128) 86 (86)

1 × 2 × 7 = 1 g twice a day for 7 days.
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6 Tan et al7 1 (1)   0 (0) 0 (0)         0 (0)

7 Anitua et al19 2 (2)   2 (2)            

8 Abu-Ta’a et al11 3 (5)             0 (0)  

9 Moslemi et al9 2 (2)           0 (0)    

Total  84 (94) 64 (71) 0 (0) 20 (23) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

1 × 2 × 7 = 1 g twice a day for 7 days.
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Peri-implant Infections
Data on peri-implant infections are reported in Table 
5. There are not clinical guidelines for diagnosis of an 
infected surgical wound,20 and for this reason, different 
criteria were used among included studies. Moslemi et 
al9 and Abu-Ta’a et al11 defined a postoperative infection 
as the presence of purulent drainage (pus) or fistula in 
the operated region, together with pain or tenderness, 
localized swelling, redness, and heat or fever. 

Anitua et al19 defined infection as the presence of 
inflammation, pain, heat, fever, and discharge. Caiazzo 
et al8 defined infection as the presence of internal and 
external edema, internal and external erythema, pain, 
heat, and exudate. Esposito et al17,18 described any 
complications including suppuration, fistula, or ab-
scess. Tan et al7 and Nolan et al4 reported information 

about suppurations. Kashani et al5 did not report any 
information of infection. 

DISCUSSION

This systematic review with a meta-analysis and TSA of 
RCTs indicates that an antibiotic prophylaxis adminis-
tered preoperatively or postoperatively the implant ther-
apy consent to prevent early implant failures even if no 
information can be provided on peri-implant infections.

This is in accordance with a recent systematic review 
on the same subject. Romandini et al,21 in a network 
meta-analysis, indicated that 3 g of amoxicillin taken 1 
hour presurgery is the approach that provides the best 
prevention for early failures. 

Table 5   Main Characteristics of the Included Studies: Infections

No. Study No antibiotic/placebo Antibiotic

1 Nolan et al4 2 patients presented suppuration No infections
2 Kashani et al5 Not available Not available
3 Caiazzo et al8 No infections No infections
4 Esposito et al18 At 2 wk—1 peri-implant mucositis

At 4 wk—1 infection sign
At 4 wk—2 peri-implantitis

5 Esposito et al17 1 wk—3 patients: postoperative pain and swelling.  
1 patient: postoperative pain and apical swelling. 1 patient: infection with pus 
exudation from postextractive implants. 1 patient: abscess.  
1 patient: flap dehiscence; the flap was resutured but 4 mo after placement, an 
abscess occurred and the implant was lost.
2 wk—1 patient: fistula treated with surgery and antibiotics.  
1 patient: coronal abscess treated with surgery and antibiotics. 1 patient: ulcer 
caused by the provisional. 1 patient: swelling, pus exudation. 
4 mo—1 patient: abscess (1 implant lost), is the same patient who had the flap 
dehiscence at 1 week. 

After 1 wk—4 patients: 
postoperative pain and swelling 
(2 implants lost in 1 patient, 1 
patient received antibiotics)  

After 2 wk—1 patient: pus 
exudation (2 implants lost)  

After 4 mo—1 patient: pus 
exudation (site curetted) 

6 Tan et al7 No statistically significant difference in suppuration of the operation site 
between the four treatment groups at any time 

7 Anitua et al19 6 patients with infection 6 patients with infection
8 Abu-Ta’a et al11 4 patients with infection 1 patient with infection
9 Moslemi et al9 No infections 1 patient with exudate  

6 mo after surgery

Table 6   Risk of Bias Assessment According to the Cochrane Collaboration Recommendations 

No. Study

Selection bias

Performance 
bias

Detection  
bias

Attrition  
bias

Selective 
reporting bias

Other 
potential  

risk of bias
Sequence 

generation
Allocation 

concealment

1 Nolan et al4 Low Low Low Low High High Low 
2 Kashani et al5 High High High Unclear Low Low Low
3 Caiazzo et al8 Low Low High High Low Low Low
4 Esposito et al17 Low Low Low Low Low Low Low
5 Esposito et al18 Low Low Low Low Low Low Low
6 Tan et al7 Low Low High Low Low Low Low 
7 Anitua et al19 Low Low Low Low Low Low Low
8 Abu-Ta’a et al11 Low Unclear High Low Low Low Low
9 Moslemi et al 9 Unclear Low Unclear Unclear Low Low Low
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Fig 3  Trial sequential analysis for early implant failure at patient level. 

Fig 2  Forest plot for early implant failure at patient level. 

Study or subgroup
Antibiotics No antibiotics Weight

(%)
Risk ratio 

M-H, Fixed (95% CI)
Risk ratio 

M-H, Fixed (95% CI)Events Total Events Total

Abu-Ta’a et al 0 40 3 40 5.1 0.14 (0.01, 2.68)
Anitua et al 2 52 2 53 2.9 1.02 (0.15, 6.97)
Caiazzo et al 0 75 2 25 5.4 0.07 (0.00, 1.38)
Esposito et al18 2 158 8 158 11.7 0.25 (0.05, 1.16)
Esposito et al17 5 252 12 254 17.5 0.42 (0.15,1.17)
Kashani et al 11 224 29 223 42.5 0.38 (0.19, 0.74)
Moslemi et al 0 23 2 23 3.7 0.20 (0.01, 3.95)
Nolan et al 0 27 5 28 7.9 0.09 (0.01, 1.62)
Tan et al 0 249 1 80 3.3 0.11 (0.00, 2.63)

Total (95% CI) 1,100 884 100.0 0.32 (0.20, 0.51)
Total events 20 64

Heterogeneity: χ2 = 4.54, df = 8 (P = .81); I2 = 0%.
Test for overall effect: z = 4.81 (P < .00001).
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                   Favors experimental      Favors control
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Fig 5  Trial sequential analysis for early implant failure at implant level.

Required information size is a two-sided graphCumulative z score
Required information size = 3,106
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Study or subgroup
Antibiotics No antibiotics Weight

(%)
Risk ratio 

M-H, Fixed (95% CI)
Risk ratio 

M-H, Fixed (95% CI)Events Total Events Total

Abu-Ta’a et al 0 128 5 119 7.4 0.08 (0.00, 1.51)
Anitua et al 2 52 2 53 2.6 1.02 (0.15, 6.97)
Caiazzo et al 0 119 2 29 5.2 0.05 (0.00, 1.01)
Esposito et al18 2 341 9 355 11.04 0.23 (0.05, 1.06)
Esposito et al17 7 489 13 483 17.0 0.53 (0.21, 1.32)
Kashani et al 12 535 32 428 46.3 0.30 (0.16, 0.58)

Moslemi et al 0 23 2 23 3.3 0.20 (0.01, 3.95)
Nolan et al 0 35 5 47 6.1 0.12 (0.01, 2.12)
Tan et al 1 249 0 80 1.0 0.97 (0.04, 23.63)

Total (95% CI) 1,971 1,617 100.0 0.31 (0.20, 0.49)
Total events 24 70

Heterogeneity: χ2 = 6.13, df = 8 (P = .63); I2 = 0%.
Test for overall effect: z = 5.16 (P < .00001).

0.01 0.1    1 10 100

                   Favors experimental      Favors control

Fig 4  Forest plot for early implant failure at implant level.
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Similar results were obtained by Lund at al,22 who, 
in a complex systematic review, affirmed that antibiotic 
prophylaxis during implant placement provides a mini-
mal, but significant, reduction of implant loss compared 
with placebo. 

Due to the large variability of the use of the term 
“prophylaxis,” its clinical meaning should be clarified. 
In fact, short and ultra-short protocols requiring a one-
shot preoperative (and sometimes an additional post-
operative) dose are intended to be used only in the 
case of absence of infection.

On the other hand, with the term “treatment,” a lon-
ger therapy aiming to cure an infection is meant (usu-
ally 1 week, but it depends on the drug itself and on the 
infection response). 

All the patients included in the selected RCTs were 
systemically healthy, and a comparison among the an-
tibiotic “prophylaxis” and “treatment” was not done be-
cause only four out of the nine included studies (199 
patients) considered a long-span treatment. The use of 
2 g of amoxicillin (single dose 1 hour preoperatively) 
represents the most common protocol used (791 out 
of 1,984 patients); additionally, the Cochrane Collabora-
tion suggested this protocol in a recent review23 even 
if, according to Romandini et al,21 this has only a 0.2% 
probability of being the best one. Rodríguez Sánchez 
et al, in a recent review, suggested that a single dose 
of oral amoxicillin preoperatively is effective to prevent 
implants from failing.24

Dealing with the antibiotic molecule to be used, 
recently published guidelines25 suggest that penicillin 
should always be the first-choice treatment. Addition-
ally, clavulanic acid increased the antibiotic strength 
against bacterial resistance,26 but this choice seems to 
be controversial.27

Macrolides, on the other hand, could be indicated in 
the case of beta-lattamic allergy or intolerance.27 How-
ever, due to their only bacteriostatic activity, these drugs 
cannot be used as a single prophylactic dose.27 In the 
case of allergy, a different antibiotic should be used.28,29

At this time, antibiotic resistance is one of the main 
risks to modern health care.30 Some regions of the world 
have already entered the postantibiotic era, where an-
tibiotic efficacy is no longer granted (http://www.who.
int). Restrictive antibiotic policies and hygienic routines 
must be implemented to prevent further nosocomial 
dissemination of these resistant bacterial strains, and 
antibiotics should be used only when strictly neces-
sary.22 Numerous studies are supporting the link be-
tween increasing rates of antibiotic resistance and the 
use of antibiotics.31,32 Interestingly, it has been shown 
that short-term antibiotic prophylaxis is also capable of 
selecting bacteria for resistance.33 This highlights the 
importance of carefully considering antibiotic prophy-
laxis prescribing policies.  

From a clinical point of view, positive aspects of 
short and ultra-short protocols could be correlated 
with lower side effects on the microbiome. In fact, the 
use of high doses of antibiotics without a clear clinical 
indication may produce alterations in the gastro-intes-
tinal microbiome (dysbiosis) in the short and medium 
term.34 This is frequently observed in cases of complete 
dosage consumption: diarrhea and altered vitamin 
absorption. For this purpose, conjunct use of probiot-
ics might also be recommended in case of antibiotic 
prophylaxis.35

Limitations of the present study are represented by 
the high heterogeneity of the included studies and dif-
ferent antibiotic protocols used. 

An additional limitation might be represented by 
the short-term clinical significance of the included 
outcome measures. In fact, it must be noted that the 
outcome measures of the RCT included in the present 
systematic review are represented only by the dicho-
tomic survival rate.

On the other hand, compared with the other system-
atic reviews already present in the literature, a strength 
of the present study might be represented by the inclu-
sion of a recently published study with a high number 
of patients.5 Even if Kashani et al, from a methodologic 
point of view, presents a selection bias, it included 447 
patients, which significantly increase the power of the 
meta-analytic findings. 

Another limitation of the present study is represent-
ed by the use of therapies for plaque control. Seven 
of the nine included studies4,7,8,11,17–19 administered 
chlorhexidine rinses just before the implant surgery 
procedure and/or instructed patients to rinse for up to 
15 days postoperatively. On the other hand, two stud-
ies5,9 did not report any information on plaque control 
therapies. Chlorhexidine is a well-known bacteriostatic 
and bactericide agent with enormous benefits for mi-
crobial control and wound healing.36 Therefore, this 
could have been a confounding factor in the results of 
the included RCTs.

Another strength of this study is the performance 
of the TSA method after meta-analysis. As it is known, 
one of the main shortages of some published meta-
analyses is that conclusions are based on the inclu-
sion of few studies in the meta-analysis. In such a way, 
whether subsequent studies are published, the inclu-
sion of their results in the meta-analysis can completely 
subvert the magnitude of results. TSA is a method that 
allows evaluation of the statistical power of the meta-
analytic findings, enabling researchers to figure out if 
there is still a need for further research to underpin the 
results of a review. In addition, TSA is able to adjust the 
meta-analytic findings for the possible presence of type 
1 (false positive) and 2 (false negative) errors, increas-
ing the accuracy of the meta-analysis. In this study, TSA 
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confirmed the results of the meta-analysis; neverthe-
less, it highlighted the need for further data to confirm 
the patient-level outcome.

Future research studies should also include the mea-
sure of the mean bone loss, since it could also clarify, in 
the short term, the destiny of the implant. In fact, it was 
demonstrated that a marginal bone loss occurring the 
first year is dramatically correlated with an increased 
risk of peri-implantitis.37 The correlation between bone 
loss and an antibiotic prophylaxis therapy should be 
investigated. 

CONCLUSIONS

This systematic review and meta-analysis indicates that 
an antibiotic prophylaxis administered before or after 
the surgery prevents early implant failures in healthy 
patients. No information can be provided on peri-im-
plant infections. 
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Appendix Table 1   Whole Search Strategy

Database Query 

PubMed (((antibiotics OR antiseptics OR amoxicillin OR metronidazole))) AND  
((“dental implant” OR implantology OR “oral implant”))

Scopus TITLE-ABS-KEY ((((antibiotics  OR  antiseptics  OR  amoxicillin  OR   
metronidazole)))  AND  ((“dental implant”  OR  implantology  OR   
“oral implant”)))  AND  PUBYEAR  >  1989  AND  ( LIMIT-TO ( SUBJAREA ,  “DENT” ))  
AND  ( LIMIT-TO ( EXACTKEYWORD ,  “Humans” )  OR  LIMIT-TO ( EXACTKEYWORD ,  
“Dental Implants” )) 

Web of Science TOPIC: ((((antibiotics OR antiseptics OR amoxicillin OR metronidazole))) AND  
((“dental implant” OR implantology OR “oral implant”))) Timespan: 1990-2019. 
Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI

Cochrane (((antibiotics OR antiseptics OR amoxicillin OR metronidazole))) AND  
((“dental implant” OR implantology OR “oral implant”))
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