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Abstract

Background: This study aimed to identify (1) the predilection site of postoperative infection after third molar
extraction surgery, (2) risk factors associated with postoperative infection, and (3) the cause of the difference
between delayed- and early-onset infections.

Material and Methods: This retrospective study included 1010 patients (396 male, 614 female) who had >1 third
molars extracted (2407; 812 maxilla, 1595 mandible). The risk factors were classified as attributes, general health,
anatomic, and operative. Outcome variables were delayed- and early-onset infections.

Results: Postoperative infection was completely absent in the maxilla, and all infections occurred in the mandible,
with a probability of 1.94% (31/1595). Bivariate analysis for postoperative infection showed depth of inclusion and
intraoperative hemostatic treatment to be significantly associated with the development of infections. Bivariate
analysis for delayed- and early-onset infections showed simultaneous extraction of the left and right mandibular
third molars to be prominent risk factors.

Conclusions: Postoperative infection occurs mainly in the mandible, and that in the maxilla is very rare. The risk
of postoperative infection in the mandible was found to be related to the depth of inclusion and intraoperative
hemostatic treatment. Simultaneous extraction of the left and right mandibular third molars appear to increase the
risk of delayed-onset postoperative infection.
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Introduction

Removal of the third molars is one of the most common
surgical procedures in oral and maxillofacial surgery.
The reasons for extracting these teeth include acute or
chronic pericoronitis, dental crowding, presence of cyst
or tumor, periodontal problems, and presence of caries
on the adjacent teeth (1) Some complications associated
with third molar extractions include postoperative in-
fections (2-6) Although several studies have been pub-
lished on this subject, patient characteristics and causes
of infection remain unclear (5,7,8). To our knowledge,
there is no research on the time of infection following
third molar extraction surgery, i.e., early- and delayed-
onset infections.

The specific aims of this study were to identify 1) the
predilection site of postoperative infection following
third molar extraction surgery, 2) risk factors associ-
ated with postoperative infection following third molar
extraction surgery, and 3) the cause of the difference
between early- and delayed-onset infections.

Material and Methods

-Patients

A retrospective study was performed including a total of
1010 patients with 2407 third molars extracted between
January and December 2014 at the Division of Oral
and Maxillofacial Surgery, Kagawa Prefectural Central
Hospital, Kagawa, Japan. Patients who gave their in-
formed consent to extract their third molars, those with
>1 third molars removed and evidence of postoperative
follow-up to assess outcomes, those aged >16 years, and
those not presenting any acute-phase symptoms at the
time of surgery met the inclusion criteria. Our hospital
contacted all the patients who had difficulty following
up and instructed them to seek medical attention when
any problems occurred. A minimal follow-up period
of 6 months was necessary for inclusion in this study.
Pregnant women and patients with previous allergic re-
actions to antibiotics were excluded.

-Surgical procedure

All patients had undergone preoperative panoramic X-
ray imaging and CT, if necessary. All procedures were
performed under local anesthesia with or without intra-
venous sedation. The procedures were performed by
four expert oral and maxillofacial surgeons at a single
institution. The surgical field and all surgical materials
were sterilized. The surgeon raised a full-thickness flap,
which was protected by a retractor. The British tech-
nique of “lingual splits” (9) was not a commonly used
surgical technique for mandibular third molar extrac-
tion. Sterile low-speed hand pieces and saline solution
were used for buccal ostectomy and tooth sectioning
when necessary. Abundant irrigation with physiologi-
cal serum was applied during ostectomy. When hem-
orrhage occurred during tooth extraction, compression
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hemostasis with gauze was performed. If hemostasis
using gauze was difficult, it was performed using a he-
mostatic gelatin sponge. The whole third molar tooth
was extracted in all cases. Primary wound closure was
performed with 4-0 sterile absorbable braided polygly-
colic acid sutures (4-0 Surgisorb). Finally, hemostasis
was achieved by pressing sterile gauze over the wound,
and postoperative measures were administered to each
patient.

The same procedure and postoperative clinical man-
agement were utilized for all the patients, with a few
exceptions. After the operation, patients received anti-
biotics (cefpodoxime proxetil, 100 mg) every 12 h for
4 days and nonsteroidal anti-inflammatory analgesics
celecoxib; 400 mg (for initial pain) or 200 mg every 6 h
(for second episode or later) or acetaminophen; 400 mg
every 6 h).

-Predictor variables

The predictor variables for the study consisted of sets
of exposures considered to be convincingly related to
postoperative infection rates, and were classified as at-
tributes, health status, anatomic, and pathological vari-
ables. Attributes variables included age and sex. Health
status measures included the presence or absence of
diabetes, use of corticosteroids, and chronic hepatitis.
Anatomical variables included the total number of teeth
and the specific tooth type extracted in each patient as
well as mandibular third molar position based on the
Pell and Gregory (10) and Winter classifications (11).
Pathological variables included the presence of radiolu-
cent lesions measuring >3 mm that were associated with
the lower third molar and presence of adjacent lower
second molar caries. Operative variables included in-
traoperative hemostasis treatment and simultaneous
extraction of the left and right mandibular third molars.
-Outcome variables

Delayed-onset infection was defined as an infectious
swelling with an onset after 7 days of extraction, where-
as carly onset was defined as a developing postoperative
wound infection within 7 days of surgery.

-Data sampling

All clinical records were examined by the same inves-
tigator who also collected the following data: third mo-
lar extraction surgery, wound related to postoperative
infection, and predictor variables. This study was ap-
proved by the Ethics Committee of Kagawa Prefectural
Central Hospital (Approval No. 681).

-Statistical analysis

Data were recorded and entered into an electronic data-
base over the course of the study using Microsoft Excel
(Microsoft Inc., Redmond, WA, USA). The mean and
standard deviations were used where distribution was
compatible with normality. Parametric and nonpara-
metric tests (t-test and Pearson chi-square test) were
used to compare each group. Any associations on bivar-
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iate analyses with P <0.05 were included in a multiple
logistic regression analysis, which was used to provide
adjusted odds ratios (ORs) to control for the simulta-
neous effects of multiple covariates. The database was
transferred to JMP version 11.2 for Macintosh comput-
ers (SAS Institute Inc., Cary, NC, USA) for statistical
analysis. A P-value of <0.05 was considered statistically
significant.

Results

The sample included 1010 patients 396 male (39.2%)
and 614 female (60.8%)., with a total of 2407 third mo-
lars removed (812 maxilla, 1595 mandible). The mean
age of patients was 33.3 + 14.8 years, and an average
number of 2.38 third molar teeth were extracted per
patient. All postoperative infections occurred in the
mandible 1.94% (31/1595).. Early-onset infection oc-
curred in 0.38% (6/1595) of patients and delayed-onset
in 1.57% (25/1595). The mean time elapsed from op-
eration to delayed-onset infection was 42.2 days; con-
versely, that from operation to early-onset infection was
only 5.8 days.

A comparison of the distribution of predictor variables
according to postoperative infection is summarized in
Table 1. Variables that were statistically associated with
postoperative infection (P < 0.05) included the depth
of inclusion (P = 0.008) and intraoperative hemostatic
treatment (P = 0.0001). The multivariate logistic regres-
sion model including these candidate variables found in
the bivariate analyses elucidated as being statistically
significant (P < 0.05). Taken together, the depth of in-
clusion (OR =B for A, 2.51; P =0.046, C for A, 5.73; P
=0.011), and intraoperative hemostatic treatment (OR =
5.81, P=0.010) was clearly associated with an increased
risk for postoperative infection.

As a further evaluation, a comparison of the distribu-
tion of predictor variables according to delayed- and
early-onset infections is summarized in Table 2. Age
(P =0.026) and simultaneous extraction of the left and
right mandibular third molars (P = 0.001) were statis-
tically associated with complications (P < 0.05). The
multivariate logistic regression model including these
candidate variables found in the bivariate analyses elu-
cidated as being statistically significant (P < 0.05) as
well as biologically important variables, including age
(OR = 1.06; P = 0.127), simultaneous extraction of the
left and right mandibular third molars (OR = 20.34; P
= 0.010). Simultaneous extraction of the left and right
mandibular third molars was clearly associated with an
increased risk for delayed-onset infection.

Discussion

In our study, the overall postoperative infection rate
following third molar extraction surgery was 1.28%
(31/2407). Importantly, there were no postoperative

el25

Risk factors for postoperative infections of third molar extraction surgery

infections in 812 maxillary third molar extractions;
however, the postoperative infection rate was 1.94%
(31/1595) for mandibular third molar extractions. The
postoperative infection rate recorded in this study was
similar to that reported in previous studies which stated
that mandibular third molar extractions were more sus-
ceptible to infection (1,12) Chiapasco et al. (1) found
a postoperative infection rate of 1.5% in the mandible
and 0.2% in the maxilla. Clearly, the infection rate was
high in the lower jaw, which is similar to our research
result. These results implied that mandibular third mo-
lar extraction surgery is a risk factor for postoperative
infection.

As reported in previous studies, the incidence of post-
operative wound infections is approximately 0.4%—6%
(3,13-16). However, most complications commonly in-
volve postoperative infection.

Our results as well as those of several past studies found
that bone retention was a risk factor for postoperative
infection following mandibular third molar extraction
surgery (7,17-21). The fact that postoperative infec-
tions are more likely to occur in deeply impacted third
molars could indicate that surgical invasion, amount
of alveolar bone ostectomy, and tooth sectioning are
related to the incidence of postoperative infection. In
addition, hemostatic treatment during mandibular third
molar extraction surgery is also significantly associated
with postoperative infections. Generally, postoperative
complications following third molar extraction surgery
are related to a surgeon’s inexperience and difficult ana-
tomical position of the third molar (2,22). Additionally,
postoperative infection of the surrounding bone and
soft tissue following mandibular third molar extraction
is a common complication that can be reduced with the
use of proper surgical techniques. The need for hemo-
stasis during surgery may be due to difficulty in ex-
tracting the tooth or operator technique. In addition, a
gelatin sponge used for hemostasis may take about 4-6
weeks to absorb (23); therefore, it might promote infec-
tion. The association between hemostasis treatment and
postoperative infection as a finding of this study is very
interesting.

There are a few studies on delayed-onset infections af-
ter third molar extractions, and the rates of infections
are very similar across studies (0.49%—-1.8%), which
are also consistent with our results (1.56%; 25/1595)
(5,7,17,19) On the other hand, few studies have com-
pared the rates of delayed- and early-onset infections;
Christiaens et al. (17) reported an early-onset infection
rate of 1.0%. Our reported results lower rates in early-
onset infection than delayed-onset infection are similar
to past study (17).

According to literature, delayed-onset infection more
frequently occurs approximately 1 month after surgery
(2,8,19,24). In our data, delayed-onset infection oc-
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Table 1. Predictor variables according to postoperative infection.

Extraction with Extraction without P value
postoperative postoperative
infection infection
N=31 N=1564
Attributes variables
Age 30.38 £ 13.64 30.62 £13.00 0,918
Gender 0,256
Male 15 598
Female 16 966
Health status variables
Diabetes 1 15 0,210
Taking corticosteroids 7 0,709
Chronic hepatitis 0,753
Anatomic variables
Distal space 0,105
1 11 721
i 13 673
1 7 170
Depth of inclusion 0,008
A 5 561
B 21 916
C 5 87
Angulation 0,804
Distoangular 0 33
Horizontal 16 717
Mesioangular 10 523
Vertical 5 291
Lt/ Rt 0,870
Lt 15 780
Rt 16 784
Pathological variables
Radiolucent lesions 0,296
Presence 3 84
Absence 28 1480
Caries of a neighboring tooth 0,344
No adjacent teeth 0 13
Presence 0 88
Absence 31 1463
Operative variables
Intraoperative hemostasis treatment 0,0001
Presence 4 34
Absence 27 1530
Left and right simultaneous tooth extraction 0,665
One side 6 354
Both side 25 1210
Postoperative paresthesia of the IAN 0,108
Presence 1 11
Absence 30 1553

el26




Med Oral Patol Oral Cir Bucal. 2019 Jan 1;24 (1):e123-9. Risk factors for postoperative infections of third molar extraction surgery

Table 2. Predictor variables according to delayed- and early-onset infections.

Delay-onset infection Early-onset p value
infection
N=25 N=6
Mean time (Day) 42,2 5,8
Attributes variables
Age 27.76 £ 11.70 41.33 +£16.78 0,026
Gender 0,411
Male 13 2
Female 12
Health status variables
Diabetes 0 1 -
Taking corticosteroids 0 0 -
Chronic hepatitis 0 0 -
Anatomic variables
Distal space 0,250
1 9 2
i
1 7 0
Depth of inclusion 0,998
A 4 1
B 17 4
C 4 1
Angulation 0,641
Distoangular 0 0
Horizontal 12 4
Mesioangular 1
Vertical 1
Lt/ Rt 0,930
Lt 13
Rt 12 3
Pathological variables
Radiolucent lesions 0,519
Presence 2 1
Absence 23 5
Caries of a neighboring tooth -
No adjacent teeth
Presence
Absence 25 6
Operative variables
Intraoperative hemostasis treatment 0,294
Presence 4 0
Absence 21
Left and right simultaneous tooth extraction 0,001
One side 2
Both side 23 2
Postoperative paresthesia of the IAN 0,619
Presence 1
Absence 24
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curred at an average of 42.2 postoperative days. Most
infections occurred within 3—6 weeks after extraction;
therefore, patients should be informed that probability
of infection persists even after >1 month of extraction.
Some studies have addressed the incidence and de-
scribed some clinical features of delayed-onset infec-
tion, but there are no clearly identified risk factors
(8,17,21). Some reports have considered total muco-
sal retention, radiotransparent widened follicle, distal
space, mandibular third molar angulation, and surgical
techniques, such as ostectomy and tooth sectioning, as
risk factors for delayed-onset infection (8,17,21); how-
ever, these associations were not found in our study.
Conversely, our study found that early-onset infection
occurred in younger patients more frequently than de-
layed-onset infection, which is consistent with the re-
sults of Osborn ef al. (3) and Brunello et al. (24).

A possible pathway for postoperative infection in man-
dibular third molar extraction surgery could be the gin-
gival sulcus of the adjacent second molar and hence,
Figueiredo et al. (8) suggested that total soft tissue
retention allows the surgeon to close the wound more
tightly; consequently, food impaction can easily intro-
duce bacteria into the wound. In addition, hematomas or
food trapped under the flap have been cited as possible
causes of delayed-onset infection (19,25). It was consid-
ered that the most probable cause of this complication
was the dead space created beneath the soft tissue lying
behind the distal area of the second molar. According
to our study, the mechanism underlying delayed-onset
infection was as follows: if it is a closed layer, it cannot
completely prevent bacterial invasion. Therefore, food
enters the tooth extraction cavity or dead space of the
second molar, after which the tooth extraction cavity is
completely closed by the very rapid healing of the oral
mucous. As aresult, infection with anaerobic bacteria is
established in approximately 1 month postoperatively.
As a further deciding factor, the risk factor for delayed
infection was identified in association with simultane-
ous extraction of the left and right mandibular third
molars, and was also a dominant risk factor in logistic
regression analysis. The simultaneous extraction of left
and right mandibular third molars can cause swelling
and trismus, leading to unsanitary conditions in the oral
cavity. Particularly in the posterior molar section, the
retention of food residue in the extraction tooth cavities
strongly supports the abovementioned infection mecha-
nism. This was a very interesting and meaningful clini-
cal discovery in third molar extraction surgery as the
most common oral and maxillofacial surgical procedure
because this risk factor was not identified in any past
studies.

Some bacterial contamination of the area surrounding
the tooth extraction is inevitable, from either the pa-
tient’s bacterial flora or oral environment. Various ther-

el28

Risk factors for postoperative infections of third molar extraction surgery

apies are aimed at minimizing the postoperative com-
plications of third molar extraction surgery; of these,
the use of systemic antibiotic prophylaxis to avoid
postoperative infectious complications following third
molar extraction surgery has been widespread but con-
troversial. Prophylactic administration of antibiotics may
be an important factor in avoiding infectious complica-
tions; however (7,26) there are reports suggesting that
systemic prophylactic administration of antibiotics is in-
effective (27,28). In our study, we administered systemic
prophylactic antibiotics for several days after surgery for
all patients; therefore, we could not determine their ef-
fect in preventing delayed-onset infections. Therefore, it
is necessary to investigate the usefulness of preventive
antibiotic administration in the future.

Conclusions

Infection after the third molar extraction surgery is very
rare in the maxilla, but mainly occurs in the mandible.
The risk factors of postoperative infection in mandibu-
lar third molar extraction were found to be related to
the depth of tooth extraction and surgical technique. In
addition, delayed-onset infections after third molar ex-
tractions are rare. Simultaneous extraction of the left
and right mandibular third molars are associated with
an increased risk of delayed-onset infection. Therefore,
it is necessary for the oral and maxillofacial surgeons
to consider these risk factors and the follow-up period
following third molar extraction surgery.
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