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Following tooth extraction, alveolar ridge alterations 
can occur due to bone resorption.1,2 As a result, 

insufficient bone volume may compromise implant 
placement. To minimize this dimensional loss, alveolar 
ridge preservation procedures are performed follow-
ing tooth extraction.3 Compared with unassisted heal-
ing, socket bone grafting has been shown to reduce 
overall alveolar bone resorption.4 In cases of ridge at-
rophy, reconstruction of the ridge is important to allow 
for implant placement satisfying both functional and 
esthetic criteria. Guided bone regeneration (GBR) can 
be used to augment the ridge and provide adequate 
supporting bone. The survival rate of implants placed 
in GBR augmented sites has been reported in the litera-
ture to be 95.5%.5

The risk of postoperative infection is a potential com-
plication with all surgical procedures. When infection 
occurs, it can compromise the healing of bone grafting 
procedures.6 An overall prevalence of 2.09% has been re-
ported for postsurgical infections, encompassing a spec-
trum of periodontal surgical procedures that includes 
GBR and dental implant surgery.7 According to the same 
study, no relationship was found between the types of 
procedures and the infection rates.7 Preoperative antibi-
otic prophylaxis has been utilized to restrict the coloniza-
tion of potential pathogens within the surgical site.8,9 The 
general principle of antibiotic prophylaxis is to achieve 
an adequate concentration of the antibiotic systemically 
before bacterial contamination occurs.10

However, the widespread use of antibiotics raises 
concerns for adverse drug reactions and may contribute 
to selection of antibiotic-resistant microorganisms.11,12 
Despite the routine use of antibiotics in dentistry, no 
one drug or drug regimen has been found to be the 
most effective for prophylaxis.11,13,14

The benefit of using prophylactic antibiotics for 
dental implant therapy is controversial. Several sys-
tematic reviews have shown a significant reduction in 
early implant failures when patients are given antibiotic 
prophylaxis.11,14,15 However, other studies have demon-
strated no significant differences in clinical outcomes 
when comparing antibiotic prophylaxis and control 
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groups, particularly in patients who are systemically 
healthy.11,14,15 A systematic review on the effect of pro-
phylactic antibiotics on the outcome of bone augmen-
tation concluded that the scientific evidence is very 
limited, and the infection risk, preferred drug, and opti-
mal duration of therapy are still unknown.16 Lindeboom 
and van den Akker evaluated antibiotic prophylaxis for 
patients undergoing intraoral bone augmentation.17 
There was a statistically significant increased risk of 
having an infection after bone grafting without anti-
biotic prophylaxis. A subsequent prospective random-
ized study on patients undergoing intraoral bone grafts 
showed no significant difference between a prophylac-
tic single dose of clindamycin (600 mg) and a 24-hour 
regimen of clindamycin (600 mg, then 300 mg every 
6 hours) with regard to postoperative infection.10

The most commonly prescribed antibiotic for oral 
surgical procedures is amoxicillin.9,12 Amoxicillin is a 
first-choice drug, as it has nontoxic bactericidal prop-
erties that are effective against both aerobic and an-
aerobic microorganisms usually associated with oral 
infections.8–10 In cases of penicillin allergy, which ranges 
from 8% to 12%,8,18 clindamycin is the most commonly 
used alternative.9 Clindamycin, a lincosamide antibiotic 
with bacteriostatic properties, binds to 50S ribosomal 
and inhibits bacterial protein synthesis. At higher con-
centrations, it can also exhibit bactericidal properties.8

Several studies have reported that the use of 
clindamycin is a possible risk factor for infection fol-
lowing dental implant and sinus augmentation pro-
cedures.8,9,18 The aim of this retrospective study was 
to determine if clindamycin therapy contributed to a 
higher incidence of postsurgical infections with socket 
bone grafting and ridge augmentation procedures.

MATERIALS AND METHODS

A retrospective chart review study was performed for 
patients who underwent socket grafting (SG) or ridge 
augmentation (RA) procedures prior to dental implant 
placement between 2014 and 2019 in the graduate peri-
odontal clinic at the University of Alabama at Birmingham 
School of Dentistry. The University Institutional Review 
Board approved the study protocol (IRB-300004539). 
The following exclusion criteria were applied: patients 
with systemic conditions that alter bone healing (uncon-
trolled diabetes, IV bisphosphonates, chemotherapy, im-
munosuppressive medications), poor oral hygiene, and 
heavy smokers (> 10 cigarettes a day). Patients who were 
not prescribed antibiotics or took a different antibiotic, 
other than amoxicillin or clindamycin, were not includ-
ed. Any patients who had records lacking information 
regarding other study variables were also excluded. The 
following data were recorded from the patient charts: 

patient sex and age, allergy to penicillin, type of bone 
augmentation (SG or RA), and presence or absence of 
complications including infection. 

Patients who did not report a penicillin allergy re-
ceived 2 g amoxicillin, 1 hour prior to surgery, and con-
tinued postoperative coverage for 1 week (amoxicillin 
500 mg, 3 times a day). Patients who self-reported a 
penicillin allergy were prescribed 600 mg clindamycin, 
1 hour before surgery, and continued postoperative 
coverage for 1 week (clindamycin 300 mg, 2 times a 
day). All patients were recalled for a follow-up visit at  
2 and 4 weeks postsurgery. Bone augmentation failures 
and/or complications that occurred in the first month 
of healing, including infection, were recorded. Patients 
who underwent SG had implants placed after 3 to 
5 months, while those who underwent RA had implants 
placed at 6 to 9 months postaugmentation.

Statistical Analysis
The patient age was summarized as a mean and standard 
deviation. All the categorical variables were summarized 
as frequency and proportion and presented in contin-
gency tables. To account for multiple procedures on the 
same patient, the association between the infection and 
penicillin allergy status was assessed using a generalized 
estimating equations (GEE) model with a sandwich vari-
ance estimator, controlling for the patient age and sex. 
The odds ratio (OR) and its 95% confidence interval (CI) 
were calculated for the strength of association. All the 
tests were two-tailed with a significance level of .05. All 
the analyses were conducted using SAS 9.4.

RESULTS

Between 2014 and 2019, a total of 1,814 patients re-
ceived 2,961 bone augmentation procedures (SG, RA). 
There were 834 (46%) men and 980 (54%) women, with 
a mean age of 61 years. Of the 2,961 procedures, 2,530 
(85.4%) were socket grafting, and 431 (14.6%) were RA. 
Patients reported no penicillin allergy for 2,620 bone 
augmentation procedures (88.5%; Table 1). In 341 bone 
augmentation procedures, patients reporting a penicillin 
allergy took clindamycin (11.5%). No complications were 
reported in 2,839 of 2,961 sites (95.9%). Postsurgical in-
fections were found in 122 of 2,961 sites (4.1%; Fig 1). 

In the 2,530 SG procedures, 270 (10.7%) were as-
sociated with a penicillin allergy and clindamycin use. 
Infections occurred in 91 of the 2,530 SG sites (3.6%). 
However, the infection rate was 10.7% (29 SG sites) 
for clindamycin and only 2.7% (62 SG sites) for amoxi-
cillin (Fig 2). For SG procedures, the GEE analysis sug-
gested a significant association between infection 
and clindamycin use (OR = 4.5 [2.3, 8.7]; P < .02) dur-
ing SG procedures, controlling for patient age and sex. 
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Specifically, the odds of infection given clindamycin use 
were 4.5 times higher than the odds of infection given 
amoxicillin use during SG procedures.

In the 431 RA procedures, 71 (16.5%) were associated 
with clindamycin use. Overall infections occurred in 31 
of the 431 sites (7.2%). However, the infection rate was 
22.5% (16 RA sites) for clindamycin and only 4.2% for 
amoxicillin (15 RA sites; Fig 3). For RA procedures, the GEE 
analysis suggested a significant association between in-
fection and clindamycin use (OR = 6.9 [3.2, 14.8]; P < .01) 
during RA procedures, controlling for patient age and 
sex. Specifically, the odds of infection given clindamy-
cin use were 6.9 times higher than the odds of infection 
given amoxicillin use during RA procedures.

For all bone augmentation procedures (SG, RA), 
the GEE analysis suggested a significant association 
between infection and clindamycin use (OR = 5.5 [3.1, 
9.6]; P < .01), controlling for patients’ age and sex. Spe-
cifically, the odds of infection given clindamycin use 
were 5.5 times higher than the odds of infection given 
amoxicillin use.

DISCUSSION

In this study, the overall prevalence of postsurgical in-
fection following SG and RA was 4.1%. This percentage 
compares favorably with other studies on periodontal 
and implant surgery that reported an infection rate of 
1% to 5.4%,7,19,20 and supports that these procedure 
have a low risk of postsurgical infection. Several factors 
have been reported to influence the success of bone 
augmentation procedures, including surgeon experi-
ence, flap design, primary tension-free closure, graft 
material, smoking, and patient compliance.21,22 The use 
of prophylactic antibiotic therapy may reduce the risk 
of developing postoperative infection following bone 
augmentation procedures.

Clinicians are more likely to prescribe antibiotics 
with bone augmentation and as complexity of the 
bone grafting procedure increases.23 Clindamycin is of-
ten the first antibiotic option selected for patients with 
a reported penicillin allergy. However, several studies 
have reported higher infection rates with the use of 
clindamycin for dental implant and sinus augmenta-
tion surgeries.8,9,18 French et al9 found that the odds of 
failure for dental implants placed in penicillin-allergic 
patients were 3.1 times higher and 10 times higher 
for immediate implant placement. Salomó-Coll et al18 
showed similar outcomes where penicillin-allergic 
patients receiving clindamycin had a risk ratio of 3.84  
(95% CI) of implant failure compared with nonallergic 
patients. Khoury et al8 performed a retrospective ob-
servational study and found that antibiotic prophy-
laxis with clindamycin therapy could be a risk factor for 

Table 1  �Demographic Characteristics of Included 
Subjects

Variable Mean (SD) or N (%)

Patients 1,814

Age 61 (14.2)

Sex
  Men 834 (46.0%)

  Women 980 (54.0%)

Procedures 2,961

Procedure type
  Ridge augmentation 431 (14.6%)

  Socket grafting 2,530 (85.4%)

Type of antibiotic 
  Clindamycin 341 (11.5%)

  Amoxicillin 2,620 (88.5%)

Amoxicillin Clindamycin

2.9%

97.1%

13.2%

86.8%

No infection Infection No infection Infection

Fig 1    Infection rates for amoxicillin and clindamycin in all bone aug-
mentation procedures. 

Amoxicillin Clindamycin

2.7%

97.3%

10.7%

89.3%

No infection Infection No infection Infection

Fig 2    Infection rates in SG procedure for amoxicillin and clindamycin.

Amoxicillin Clindamycin

4.2%

95.8%

22.5%

77.5%

No infection Infection No infection Infection

Fig 3    Infection rates in RA procedures for amoxicillin and 
clindamycin.
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infection following a sinus augmentation procedure. 
To the authors’ knowledge, no studies have been done 
on the association between penicillin allergy and/or 
clindamycin use with RA and SG. In the present study 
on bone augmentation procedures, penicillin-allergic 
patients using clindamycin demonstrated a higher 
risk of infection with a risk ratio of 6.9 (95% CI) and 4.5 
(95% CI) compared with nonallergic patients for RA and 
SG, respectively. 

There may be other variables in the present study 
that also contributed to higher rates of infection with 
bone augmentation procedures. The procedures were 
performed by residents in postgraduate periodontal 
training, so operator experience may be a contribut-
ing factor. Although graft material was not evaluated in 
this study, there may be a higher risk of infection with 
the use of intraorally harvested bone from salivary con-
tamination.24 Smoking can interfere with postoperative 
wound healing. Patient compliance with taking antibi-
otics and following postoperative instructions must 
also be considered. Well-designed studies are needed 
to validate that penicillin allergy and/or clindamy-
cin administration are associated with a higher risk of 
infection with bone augmentation procedures. Fur-
thermore, the need for routine antibiotic prophylaxis, 
preferred drug, and continued drug therapy after SG 
and RA also need to be investigated.

CONCLUSIONS

Prophylactic antibiotic therapy can assist in reducing 
the risk of postoperative infections following bone aug-
mentation procedures. In this study, penicillin allergy 
and clindamycin therapy following SG and RA proce-
dures was associated with a higher rate of infection and 
may be a risk factor for bone augmentation complica-
tions. Further studies should evaluate the most suitable 
antibiotic regimen for penicillin-allergic patients. 
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