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Abstract. The aim of this prospective study was to determine the antibiotic
bioavailability of a prophylactic protocol in patients undergoing third molar
surgery. Samples from 25 patients were analysed (average age 21 � 3.89 years,
range 18–33 years; 14 female). The patients received single-dose prophylaxis of 2 g
amoxicillin orally 1 hour prior to third molar surgery. Venous blood (1.5 ml) and
blood from the third molar socket (1.50 ml) were obtained. The amoxicillin plasma
concentration was determined in both samples by high performance liquid
chromatography with a diode-array detector (HPLC/DAD). Their associations with
demographic variables (age, height, weight, body mass index (BMI), sex) and
antibiotic exposure time were analyzed using linear regression models. The mean
amoxicillin plasma level detected in the venous blood was 1.21 � 1.17 mg/ml
(range 0.49–6.34 mg/ml) and in the third molar socket was 4.14 � 2.24 mg/ml
(range 0.86–7.46 mg/ml) (P < 0.001). No relationship was observed between the
bioavailability of the drug and the patient biometric indices evaluated. The
prophylactic administration of 2 g amoxicillin in third molar surgery showed greater
bioavailability in the molar socket than the concentrations established as necessary
to inhibit the growth of microorganisms that cause oral infections. The results show
the need to review the current infection control protocols in oral surgery in light of
the overestimated doses observed.
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Antibiotic prophylaxis in third molar sur-
gery (TMS) is a pharmacological therapy
designed to reduce postoperative compli-
cations and infections caused by micro-
organisms present in the oral cavity, which
is considered a potentially contaminated
environment1. To date, its use in healthy
patients has been controversial due to the
risk of exposure to an unsuitable dosage
and bacterial resistance2,3. Recent ran-
domized clinical trials4–7 and systematic
reviews8–11 have yielded controversial
ons. Published by Elsevier Ltd. All rights reserved.
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results in terms of the effectiveness of
antibiotic prophylaxis to control bacter-
emia and postoperative complications,
given that the rate of infections and com-
plications may be due to the anatomy and
position of the third molar12, to the trauma
and surgical time needed, or to the sur-
geon’s experience13. This highlights the
need for an exhaustive analysis of the
balance between the benefits and disad-
vantages of antibiotics as a prophylactic
measure in TMS14.
Ascertaining the amoxicillin plasma

concentration available at the surgical site
could determine its real effectiveness
against pathogenic causes of oral infec-
tions15. Using models for the quantifica-
tion of antibiotic levels in gingival
crevicular fluid and alveolar plasma, it
has been shown in some studies that the
post-prophylaxis bioavailability of a 2 g
dose exceeds the established amounts
needed to inhibit the growth of pathogenic
microorganisms16–19. Yet there appear to
be no reports in the literature that define
the in situ bioavailability of the antibiotic
prophylactic protocol in TMS and that
compare the optimum doses required to
control oral pathogenic microorganisms.
Therefore, the aim of this study was
to determine the antibiotic bioavailability
of a prophylactic protocol in patients
undergoing TMS.

Methods

Sample design and selection

A prospective study was conducted in-
volving patients over 18 years of age
requiring lower third molar extraction sur-
gery; the patients were treated in the
Maxillofacial Surgery Service of the
School of Dentistry at the Universidad
Austral de Chile. The study protocol
was reviewed and approved by the Re-
search and Ethics Committee of the Public
Health Service of Valdivia, Región de Los
Rı́os.
Patients included in this study were

categorized as ASA 1 (American Society
of Anesthesiologists), with surgical char-
acteristics of class II or III lower teeth
according to the Pell and Gregory classi-
fication20. Patients with a previous history
of local infection such as pericoronitis or
hypersensitivity to penicillin derivatives
were excluded. The sample size was cal-
culated according to the average plasma
concentration expected for 2 g amoxicillin
given 1 hour before surgery noted in the
alveolar blood (18.20 � 10.42 mg/ml), as
reported by Schüssl et al.17, and consider-
ing an alpha error of 0.05 and a statistical
power of 0.8%. A total requirement of 21
patients was established.

Drug protocol and surgical procedure

The patients who fulfilled the inclusion
criteria and agreed to participate in the
study received the prophylactic protocol
of 2 g amoxicillin (Amoval; Laboratorios
Saval S.A., Santiago de Chile, Chile),
orally, 1 hour prior to the surgical proce-
dure. For oral asepsis, the patients rinsed
with 15 ml of 0.12% chlorhexidine diglu-
conate solution. Local anaesthesia was
administered via lower alveolar nerve
block with reinforcement to the lingual
nerve and superficial cervical plexus,
using 2% lidocaine hydrochloride with
1:100.000 epinephrine (Lignospan; Septo-
dont, Cambridge, Ontario, Canada).
To control for intervention bias, all

surgical procedures were performed by
one specialist in maxillofacial surgery
with more than 15 years of experience
in TMS, using a surgical protocol based
on previously described recommenda-
tions21. The surgery consisted of a muco-
periosteal flap and osteotomy of the
mandibular alveolar area with irrigation
using 0.90% saline. The tooth was re-
moved using a straight elevator and
curved forceps on the edge, or by tooth
sectioning when necessary. For the extrac-
tion of the blood sample from the site of
the third molar socket, a relative isolation
was done using sterile gauze, extracting a
local sample of 1.50 ml accumulated at the
surgical site. Then, the head nurse in the
operating room extracted 1.50 ml of ve-
nous blood from the patient’s right arm.
Both samples were preserved in 2 ml tubes
containing heparin (50 mg/ml). The
wound was closed with 3–0 Vicryl suture
(Johnson&Johnson), achieving local hae-
mostasis with a sterile gauze compress.
Postoperative pain was managed with
400 mg ibuprofen every 8 hours for 3 days
if required.

Sample preparations and

chromatographic measurement

All samples were prepared and analyzed at
the Pharmacy Institute of the Universidad
Austral de Chile. The high performance
liquid chromatography with a diode-array
detector (HPLC/DAD) chromatographic
system used in this study included a Prom-
inence Modular system (Shimadzu Co.,
Kyoto, Japan), detector (DAD, 230 nm),
autosampler, and an oven for the chro-
matographic column at 30�C. A C18 ana-
lytical column (250 mm � 4.6 mm �
5 mm particle size) was selected. The
reference standard for amoxicillin was
obtained from Dr. Ehrenstorfer (Augs-
burg, Germany) and the other preparatory
solvents were purchased from Merck
(Darmstadt, Germany). The chro-
matographic analysis software used was
Shimadzu LC Solution. For the mobile
phase, isocratic solutions of phosphate
buffer (0.01 M) and acetonitrile (95:5 v/
v) were used, with a flow rate of 1.30 ml/
min. The patient samples were prepared
by centrifugation and processed with
methanol cooled to 20�C for deproteiniza-
tion, and centrifuged at 14.000 rpm for
30 minutes to ensure the sedimentation
of proteins.

Data analysis

All data were evaluated for normality
using the Shapiro–Wilk test. The baseline
data of the participants were analyzed
according to sex. The plasma concentra-
tions obtained in the venous plasma and
third molar socket were compared by un-
paired t-test. In order to determine the
effect of age, height, weight, body mass
index (BMI), and the time between ingest-
ing the antibiotic and taking the blood
samples on the observed plasma concen-
trations, all data were submitted to linear
regression models and Pearson’s test. The
significance level was set at 5% for all
tests, which were performed using Stata
version13.0 (StataCorp., College Station,
TX, USA).

Results

Thirty patients volunteered. However, the
blood samples were correctly processed
for only 25 of these patients (average age
21 � 3.89 years, range 18–33 years; 14
female). All baseline data had a normal
distribution (P < 0.05). The characteris-
tics of the patients according to sex are
given in Table 1.
The average amoxicillin concentration

in the venous plasma from the arm was
1.21 � 1.17 mg/ml (range 0.49–6.34 mg/
ml), while the average concentration in
the third molar socket was 4.14 � 2.24 mg/
ml (range 0.86–7.46 mg/ml); the differ-
ence observed was statistically significant
(P < 0.001) (Table 2).
Only a weak significant correlation was

noted between the participants’ height and
the plasma amoxicillin concentration
obtained in the third molar socket
(r = 0.44; P = 0.02) (Table 3). The linear
regression models using the venous plas-
ma concentration from the arm (F = 0.45;
P = 0.8) and from the third molar socket
(F = 1.37; P = 0.27) were not significant.
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Table 1. Baseline data of the patients participating in this study according to sex; mean �
standard deviation values.

Female (n = 14) Male (n = 11) Total (n = 25) P-valuea

Age (years) 21� 1.10 21.50 � 1 21 � 3.89 0.76
Height (m) 1.63 � 0.02 1.73 � 0.02 1.67 � 0.10 0.00
Weight (kg) 61 � 3.10 75.60 � 4.30 68.30 � 14.80 0.01
BMI (kg/m2) 23 � 1.10 25.30 � 1.40 24.40 � 4.50 0.21
Sample collection time (min) 109.60 � 3.40 113.60 � 4.20 111 � 13.40 0.46

BMI, body mass index.
a Unpaired t-test with Welch’s correction.

Table 2. Amoxicillin plasma concentrations (mg/ml) in the two blood samples, according to
sex; mean � standard deviation values.

Place of measurement Female (n = 14) Male (n = 11) Total (n = 25) P-valuea

Venous plasma 1.32 � 0.40 0.99 � 0.11 1.21 � 1.17 0.21
Third molar socket 3.30 � 0.48 5 � 0.70 4.14 � 2.24 0.46

aUnpaired t-test with Welch’s correction.
Therefore, the plasma concentrations do
not depend on the study variables. These
models are detailed in Tables 4 and 5.

Discussion

Antibiotic prophylaxis with amoxicillin has
been used widely in TMS to achieve con-
centrations sufficient to fight microorgan-
isms that can colonize the surgical site8. In
this study, the blood samples obtained from
patients treated with the prophylactic anti-
biotic protocol of 2 g amoxicillin adminis-
tered orally 1 hour before surgery showed a
Table 3. Linear correlation between the study v

Sample Age Heigh

Venous plasma 0.06 (P = 0.7) �0.24
Third molar socket 0.03 (P = 0.87) 0.44 (

BMI, body mass index.

Table 4. Linear regression analysis of the patie

Variable Non-standardized coef

Sex 2.17 

Age 0.03 

BMI �0.12 

Blood collection time �0.01 

Venous plasma 0.47 

Constant 6.11 

CI, confidence interval; BMI, body mass index.

Table 5. Linear regression analysis of the patie

Variable
Non-standardized
coefficient (B) 

Sex �0.71 

Age 0.00 

BMI 0.04 

Blood collection time 0.00 

Third molar socket 0.15 

Constant �0.60 

CI, confidence interval; BMI, body mass index.
bioavailability in thevenous blood and third
molar socket, with no relationship between
the concentrations and the patients’ biomet-
ric variables. Furthermore, the oral admin-
istration route was demonstrated to be
appropriate, allowing the drug exposure
and absorption to be determined locally.
According to the literature, intravenous ad-
ministration may be an alternative drug
therapy in cases of non-resolving infection
in patients who are non-adherent to the
regimen22.
In oral surgery, prophylactic therapy

with 2 g amoxicillin is the protocol most
ariables (Pearson test, Pearson’s r values).

t Weight BMI 

 (P = 0.2) �0.05 (P = 0.8) 0.06 (P = 0.7) 

P = 0.02) 0.13 (P = 0.53) �0.08 (P = 0.7)

nt variables fit to the venous blood plasma conc

ficient (B) Error Standardized coefficient (

0.89 0.50 

0.12 0.06 

0.11 �0.24 

0.03 �0.08 

0.38 0.25 

5.02 – 

nt variables fit to the blood plasma concentration

Error
Standardized
coefficient (Beta) t 

0.56 �0.31 �1
0.07 0.02 0.0
0.06 0.16 0.6
0.02 0.03 0.1
0.12 0.30 1.2
2.99 – �0
frequently considered in TMS8. Amoxicil-
lin is a well-known amino-substituted pen-
icillin with a broad antibacterial spectrum
and good bioavailability, and an oral dose
of 500 mg produces plasma concentrations
of approximately 5.30 mg/ml within the
first hour23. Reports of similar studies
have described antibiotic plasma concen-
trations using prophylactic protocols of
amoxicillin 1 hour prior to sample collec-
tion in alveolar plasma17,24, in blood se-
rum25, and in crevicular fluid26. The
importance of determining sufficient plas-
ma concentrations of the antibiotic in the
alveolus after TMS is useful for evaluating
the potential bactericidal effects produced
and for making a comparison to the mini-
mum inhibitory concentration (MIC)
needed to fight pathogens that cause oral
infections2. It must be emphasized that the
bioavailability found in this study includ-
ed values in excess of those advocated as
necessary to inhibit the microorganisms
that cause oral infections19. The MIC
values for some such microorganisms
are as follows: Porphyromonas gingivalis,
MIC90 �0.25 mg/ml16; Bacteroides for-
sythus, MIC90 0.50 mg/ml18; Prevotella
spp, MIC90 0.25 mg/ml16,19; Fusobacter-
ium spp, MIC90 �0.25 mg/ml16; Parvimo-
nas micra, MIC90 0.12 mg/ml,
respectively. Considering that the effec-
tiveness of antibiotics is achieved in a
range two to four times greater than the
Blood collection time Venous plasma

�0.02 (P = 0.9) –
 �0.04 (P = 0.8) 0.16 (P = 0.4)

entration.

Beta) t P-value 95% CI for B

1.41 0.26 0.28 4.05
0.28 0.77 �0.22 0.30
�1.10 0.28 �0.34 0.11
�0.38 0.71 �0.08 0.05
1.24 0.22 �0.32 1.28
1.22 0.23 �4.41 16.64

 in the third molar socket.

P-value 95% CI for B

.25 0.22 �1.9 0.47
8 0.93 �0.14 0.15
3 0.53 �0.09 0.17
6 0.87 �0.03 0.04
4 0.22 �0.10 0.42
.20 0.84 �6.87 5.67
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MIC reported27, the concentrations ob-
served are substantially greater than those
required for the bacteria associated with
oral and maxillofacial infections. This
means that patients are being exposed to
higher doses of the drug than those re-
quired, and with antibiotics exceeding the
MIC there is selective enrichment of mu-
tant pathogens28, contributing to changes
in the susceptibility of the bacteria to
antibiotics29.
With respect to the participants’ bio-

metric characteristics, no association with
or dependency on the amount of antibiotic
in the third molar socket and venous plas-
ma samples was observed. Nevertheless,
the concentration detected in the third
molar socket was statistically greater than
that in the venous plasma (P < 0.001).
This result may be due to the amoxicillin
binding to the proteins present in the
plasma, generating a fraction smaller than
that available in interstitial tissues like the
third molar alveolus, influencing the ex-
tent of the bioavailability and the penetra-
tion of antibiotics into the lymph and
interstitial space30.
The lack of evidence to clarify this issue

has caused dentists in different countries
to prescribe non-ideal prophylactic doses
of antibiotics6,10,11. Statistical analyses of
effectiveness according to the number
needed to treat (NNT) have shown that
between 408 and 967 patients must be
medicated to avoid one postoperative in-
fection, and at least 3814 for the treatment
of alveolar osteitis. These data confirm the
need to limit the use of high prophylactic
doses of amoxicillin for TMS, owing
mainly to the low incidence of postopera-
tive infection, young age of the patients,
and the fact that the patients are healthy
(mostly the case for patients requiring
TMS), as well as the aseptic technique
under which the surgery is performed4

and the self-limiting nature of infections
in the oral cavity31. The 2008 recommen-
dations of the National Institute for Health
and Care Excellence32 did not include
antibiotic prophylaxis for any dental pro-
cedure regardless of the patient’s history,
focusing treatment on educating the pa-
tient and controlling dental biofilm com-
bined with the use of oral antiseptics like
chlorhexidine33.
The limitations of this study are related

to possible biases in the sampling due to
the probability of contamination of the
alveolus sample with saliva during its
extraction. The expert surgeon controlled
this point by using relative isolation with
sterile gauze and the least intervention
possible with saline in the cleaning of
the surgical wound. Despite these limita-
tions, it was possible to show the current
situation for patients exposed to the treat-
ment regimens adopted in dentistry to
control postoperative infection. The
results show that current infection control
protocols in oral surgery require review,
and that we are exposing patients to pro-
tocols with overestimated doses.
In conclusion, further studies are re-

quired to analyze the serial concentrations
of different prophylactic antibiotic regi-
mens, routes of administration, and mini-
mum inhibitory concentrations for
different strains of microorganisms, as
well as longitudinal studies to observe
the presence of infections and the real
expression of periodontopathogenic bac-
teria present at the surgical site.
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