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ORIGINAL ARTICLE

Simple dentate area fractures of the mandible – can we prevent
postoperative infections?

Marko Oksaa,b, Aleksi Haapanena,b, Emilia Marttilaa,b and Johanna Sn€alla,b

aDepartment of Oral and Maxillofacial Diseases, University of Helsinki, Helsinki, Finland; bHelsinki University Hospital, Helsinki, Finland

ABSTRACT
Objective: To evaluate the occurrence of surgical site infections and predisposing factors for these in
simple mandibular fractures.
Material and Methods: A retrospective study of patients with fractures of the dentate part of the
mandible included patients with intraorally treated simple fractures of the mandibular body, symphy-
sis, and parasymphysis. The primary outcome variable was postoperative surgical site infection. Use of
antibiotics, injury mechanism, fracture and surgery-related explanatory variables, patient-related varia-
bles and level of oral hygiene according to the modified Total Dental Index were evaluated.
Results: Of 254 patients with mandibular fractures, 107 were included in the final analysis. The infec-
tion group consisted of 18 patients (16.8%). Despite the high infection occurrence, significant differen-
ces were not found between antibiotic use or other studied variables and infection occurrence.
Infections occurred mainly in patients without any specific explanatory factor for infection.
Conclusion: The notably high occurrence of surgical site infections despite antibiotic use after simple
mandibular fracture surgery highlights the importance of perioperative tissue handling and local oral
circumstances. It is also necessary to consider whether we generally accept the high risk of infection
associated with the intraorally treated simple mandibular fractures.
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Introduction

Fractures of the mandibular body, symphysis, and para-
symphysis are often treated by open reduction using the
intraoral approach [1–3]. Compared with other facial frac-
tures, mandibular fractures of the tooth-bearing region are
typically open fractures, and the fracture area is in contact
with the oral microbiome. Therefore, the fracture site as well
as fixation material are exposed to a wide range of bacteria
[4]. The aim of successful surgical treatment includes support
of healing by decreasing the probability of infection [5].

Surgical site infections (SSIs) and wound dehiscence are
typical complications after mandibular fracture surgery [6,7].
According to Gutta et al. [8], SSI can be considered to have
the following clinical signs: the presence of pus at the site of
repair, swelling, and the presence of granulation tissue with
fistula. The use of antimicrobial prophylaxis among mandibu-
lar fracture patients has been justified in the prevention of
SSIs. However, consensus has not been reached regarding
the duration of pre- and postoperative antibiotic therapy,
and notable differences exist in antibiotic-prescribing practi-
ces between surgeons [9].

Numerous previous studies involving SSIs in mandibular
fracture surgery have included several types of mandibular
fractures in the analysis. The studies have also included con-
dyle fractures as well as fractures treated both intraorally

and extraorally [8,10,11]. However, the SSI risk differs

between fracture types and sites; for example, angular loca-

tion of the fracture increases the risk for postoperative infec-

tion [8,12]. In addition, an infected tooth in the fracture line

increases the risk for SSIs [8,13]. To identify other predispos-

ing factors for SSIs, we focussed on mandibular fractures

without the forementioned causes.
Our primary objective was to evaluate the occurrence of

SSI, and possible predisposing factors to it, in simple man-

dibular fractures treated intraorally. We wanted to clarify the

need of antibiotic medication in patients with these simple

and non-complicated fractures. We hypothesized that the

timing and duration of antibiotic therapy do not affect

SSI occurrence.

Materials and methods

Study design

Patient records of all patients with mandibular fractures

treated surgically at Helsinki University Hospital between

January 2018 and October 2020 were collected from the hos-

pital’s electronic medical database retrospectively.
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Inclusion and exclusion criteria

Patients 18 years of age or older who had undergone sur-
gery for a single fracture of the dentate part of the mandible
via intraoral approach and fixation with miniplates and/or
lag screws were included in the study. Included were
patients with simple mandibular fractures involving full verti-
cal height of mandible.

Patients with angle fractures and those with infection at
the time of the primary surgery were excluded. Additionally,
patients without available dental panoramic radiograph
(DPR), those who developed endodontist-confirmed infection
of a tooth in the fracture line, and those who underwent a

redo surgery due to suboptimal reduction at primary stage
were excluded. A follow-up duration of at least 4 weeks was
required for inclusion in the analyses.

Study variables

The primary outcome variable was postoperative SSI. It was
defined as clinically confirmed postoperative infection requir-
ing antibiotic medication with or without ancillary care and
having pus formation in addition to one or more of the fol-
lowing infection signs: cellulitis, pain, or swelling after the
initial stage of healing. Surgical wound dehiscence was not
defined as infection. In this study, the presence of granula-
tion tissue with fistula was not considered as SSI, for it can
be managed without a course of antibiotics.

The primary predictor variable was duration of postopera-
tive antibiotic medication. Additional predictor variables
were total postoperative duration and total duration of anti-
biotic medication, use of preoperative antibiotics, use of anti-
biotics in anaesthesia induction, use of postoperative
antibiotics, and use of postoperative chlorhexidine mouth
rinse. Specific administered antibiotic medications were
also reported.

Patient-related explanatory variables were age, sex, smok-
ing, substance abuse including evident heavy alcohol use
(�23 doses of alcohol per week for men and �12 doses for
women according to the Finnish Current Care Guidelines;
one dose contains 12 g of pure alcohol [14]) and/or abuse of
other drugs, immunosuppressive condition (immunosuppres-
sive disorder and/or drug therapy), injury mechanism, and
level of oral hygiene according to the modified Total Dental

Table 1. Modified total dental index.

Type of disease Score

Caries
No caries 0
1–3 carious lesions 1
4–7 carious lesions 2
�8 carious lesions or infected roots or no teeth 3

Periodontitis
None 0
1–3 deep vertical pockets 1
4–7 deep vertical pockets 2
�8 deep vertical pockets 3

Apical periodontitis
None 0
1 tooth 1
2 teeth 2
�3 teeth 3

Furcation lesions
Absent 0
Present 1

Modified Total Dental Index defined by Mattila et al. [15].

Figure 1. Flowchart of patient inclusion in the study.
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Index (TDI) presented in Table 1. TDI is a value between 0
and 10; the higher the value, the higher the infection load of
the oral cavity [15,16].

Fracture and surgery-related explanatory variables were
fracture site (symphysis/parasymphysis or body fracture) and

treatment delay from injury to surgery. The oral infection
load and the total number of teeth extracted during surgery
due to poor dental condition (i.e. excluding tooth removals
for tooth injury) were analysed. Patients with tooth extrac-
tions were subgrouped (extraction due to poor dental condi-
tion or due to location in fracture line) and analysed
separately. Number of miniplates and/or lag screws used and
comminution of the fracture were also analysed as explana-
tory variables.

Fractures were defined as non-comminuted (i.e. no frag-
mentation or fragments smaller than the size of the crown
of a premolar), fracture with minor comminution (i.e. one or
more fragments larger than the size of the crown of a pre-
molar and not involving the full vertical height of the man-
dibular arch), or fracture with major comminution (i.e. one or
more small or large intermediate fragment(s) involving the
full height of the mandibular arch) [17].

Radiological evaluation

Pre- and postoperative DPR images and the initial radiolog-
ists’ reports were reviewed by oral and maxillofacial consul-
tants A.H. and J.S. Fracture comminution, number of plates
and/or lag screws, and variables for TDI were assessed.

Statistical analysis

Data were analysed using GraphPad Prism, version 5.00
(GraphPad Inc. San Diego, CA, USA). Two-tailed Mann-
Whitney test was used for comparisons of continuous varia-
bles between the two patient groups. Fisher’s exact test and
Chi-squared test were used to examine associations between
different categorical variables. P-values<.050 were consid-
ered statistically significant.

Ethical approval

The study protocol was approved by the internal board of
the Head and Neck Centre, Helsinki University Hospital,
Helsinki, Finland (HUS/356/2017).

Results

Of 254 mandibular fracture patients, 107 were included in
the final analyses (Figure 1). Associations between explana-
tory and additional predictor variables and median duration
of postoperative antibiotic course are presented in Tables 2
and 3. The number of lag screws showed a significant posi-
tive correlation with the duration of postoperative antibiot-
ics (p¼.014).

SSIs occurred in 18 patients (16.8%). They were more
common, albeit not significantly, in patients with a shorter
antibiotic course. Aside from the above-mentioned lag
screws, no other statistically significant differences were
found between the studied variables and SSI (Tables 4
and 5).

Table 6 summarises the details of SSIs in the 18 patients.
The timing of SSIs varied between 5 and 106 days (mean

Table 2. Association between explanatory variables and median duration of
postoperative antibiotic course.

Duration of postoperative antibioticsa

p ValueLess than 5 days 5 days or longer

All (n) 50 57 –
Age, years
Range 18–74 18–89 .27
Mean 35.45 39.17
Median 30.50 35.42

Modified Total Dental Index (TDI)
Range 0–5 0–8 .95
Mean 1.74 1.95
Median 1 2

Treatment delay from accident to surgery, days
Range 0–8 0–6 .47
Mean 1.78 1.54
Median 2 1

No. of plates
Range 0–2 0–2 .11
Mean 1.60 1.89
Median 2 2

No. of lag screws
Range 0–3 0–3 .014
Mean 0.38 0.07
Median 0 0

No. of teeth extracted for poor dental condition (no trauma teeth)
Range 0–4 0–12 .65
Mean 0.32 0.65
Median 0 0

Less than 5 days (n) 5 days or longer (n)
Sex
Male 40 44 .94
Female 10 13

Smoking
Yes 15 22 .42
No 35 35

Alcohol and/or drug abuse
Yes 11 14 .82
No 39 43

Immunosuppressive condition
Yes 1 2 1
No 49 55

Injury mechanism
Assault 20 27 .96
Traffic accident 13 13
Falling on ground 14 14
Falling � 3 m 1 1
Struck by an object 2 2

Fracture site
Body 7 4 .34
Symphysis/parasymphysis 43 53

Tooth removal (any)
Yes 8 11 .80
No 42 46

Tooth removal from fracture line
Yes 1 0 .47
No 49 57

Tooth removal during surgery for poor dental condition
Yes 8 11 .80
No 42 46

Comminution of the fracture
Non-comminuted 46 55 .41
Comminuted 4 2

aMedian 5 days.
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31.8 days, median 19.5 days). One patient needed re-surgery
for SSI and non-union 4 weeks after primary surgery. In all,
fixation material was removed in 10 of 18 patients (55.6%).
Primary reduction and/or fixation was assessed as slightly
suboptimal in two patients: one because of a small and frag-
mented bone piece fixated with a screw and the other
because of inadequate primary stability (only one plate was
placed in the parasymphysis area).

Discussion

We evaluated the occurrence of SSI and predisposing factors
to it in intraorally treated simple mandibular fractures. We
hypothesized that the timing and duration of antibiotic ther-
apy do not affect SSI occurrence. Our hypothesis was con-
firmed; no association was found between the duration of
antibiotic medication and SSIs. However, the infection occur-
rence was surprisingly high (16.8%). TDI or other patient-
related variables did not explain the rate. Even though, when
obvious, already known risk factors for infection, such as frac-
tures of the angular region, infections of endodontic causes,
and primarily infected fractures, were excluded, SSI risk
remained high in simple mandibular fractures of the dentate

area (Figure 2). Our findings indicate that local as well as sur-
gical factors for infection risk warrant further investigations.

Mandibular fractures are known to be prone to postopera-
tive infections. Reported infection rates vary between 7.5%
and 17.7% [8,10,11,18–21]. The site of the fracture relates sig-
nificantly with postoperative infections as well as the surgical
approach. Particularly fractures of dentate part of the man-
dible are known to be prone to infections [22]. In addition,
intraorally treated fractures associate with infections [18]. The
overall SSI-rate in our study was 16.8%, which is in line with
the previous reports of intraorally treated dentate part man-
dibular fractures. Due to the known infection risk, the use of
antibiotic medication has been considered in several studies.

Short-term antibiotic medication has shown to be suffi-
cient in mandibular fracture surgery [4,19,22,23]. Perepa et al.
[24] observed in their prospective study that a one-day anti-
biotic regimen was as effective as a 5-day regimen in reduc-
ing postoperative complications after intraorally treated
mandibular fractures. Our study is in line with these previous
studies. Short-term antibiotic use was as effective as long-
term course in infection reduction. On the other hand,
according to our results, infections occur despite antibiotic
treatment. Therefore, the focus should be on local factors
and surgical techniques.

Table 3. Association between timing of antibiotic administration and median duration of postoperative antibiotic course.

Duration of postoperative antibioticsa

p ValueLess than 5 days (n) 5 days or longer (n)

All 50 57 –
Preoperative antibiotics
Yes 38 48 .33
No 12 9
Penicillin G/V 29 30
Penicillin G/Vþmetronidazole 0 3
Cephalosporin 3 7
Cephalosporinþmetronidazole 2 6
Aminopenicillin (ampicillin, amoxicillin) 0 0
Aminopenicillin (ampicillin, amoxicillin) þ clavulanic acid 2 0
Clindamycin 0 2

Other (combination) 2 0
Antibiotics in anaesthesia induction
Yes 50 56 .24
No 0 1
Penicillin G 31 24
Penicillin Gþmetronidazole 1 2
Cefuroxime 12 16
Cefuroximeþmetronidazole 2 7
Ampicillin 3 3
Clindamycin 0 2
Metronidazole 1 2
Other (combination) 0 0

Postoperative antibiotics
Yes 44 57 .0088
No 6 0
Penicillin G/V 26 30
Penicillin G/Vþmetronidazole 1 3
Cephalosporin 12 7
Cephalosporinþmetronidazole 2 5
Aminopenicillin (ampicillin, amoxicillin) 0 0
Aminopenicillin (ampicillin, amoxicillin) þ clavulanic acid 1 0
Clindamycin 0 2
Other (combination) 2 10

Postoperative chlorhexidine mouth rinse
Yes 45 53 .73
No 5 4

aMedian 5 days.
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Improper fixation and excessive torque during screw
placement may predispose to postoperative complications
[8]. Alternatively, the probability of postoperative complica-
tions may be linked to surgical experience [25]. In this study,
the experience of the surgeon was not determined; however,
a slightly suboptimal fixation was found in two patients. In
addition to optimal fracture reduction and handling of the

bone fragment, careful soft tissue management and wound
closure should be considered. For example, inappropriate
use of diathermy may impair tissue healing in the oral muco-
sal region [26,27]. Excessive compression of the bony frag-
ments in fracture reduction can also cause postoperative
complications [28]. Interestingly, SSIs occurred over a wide
time span, from five days to more than three months. This
suggests several different aetiological causes.

Alcohol and drug abuse as well as smoking are associated
with long-term complications after mandibular fracture sur-
gery [19,29]. Furthermore, in a retrospective study by Hall
et al., [30] alcohol and drug abusers with carious teeth had a
higher postoperative complication rate after mandibular frac-
ture surgery. Although the differences were not statistically
significant, SSI occurrence was higher in smokers and alcohol
and/or drug abusers than in other patients in our study.
Also, TDI was higher in patients with SSI than in those with-
out. Thus, due to high SSI occurrence in general in these sin-
gle fractures and to reduce oral infection load, dental
condition should also be evaluated. Affected teeth should be
extracted during mandibular fracture surgery. The import-
ance of dental expertise in the treatment of mandibular frac-
tures should thus be noted.

Use of chlorhexidine was recommended for most patients
in our study (98 of 107, 91.6%). To decrease the oral micro-
bial load, postoperative chlorhexidine mouthwash can be
recommended [31] as a short course to improve patient’s
oral hygiene. Postoperatively, patients should be motivated
to maintain careful oral hygiene and to reduce or quit smok-
ing; dentists and oral hygienists could therefore be part of
the medical team taking care of overall oral health to
enhance mandibular fracture treatment.

Fractures in the tooth-bearing area of the mandible pre-
dispose to traumatic dental injury and a pathologic process
in the periodontal and periapical areas can lead to SSI [32].
Thus, the status of the teeth in the fracture line should be
inspected after mandibular surgery. In the present study,
none of the SSIs were related to dental infections due to our
exclusion criteria. However, the high infection rate raises the
suspicion that the tooth-bearing area maintains constant
open contact with the fracture area even if the tooth itself is
not infected.

The main limitation of this study is its retrospective
design. In addition, statistically significant findings might
have been obtained with a larger number of patients.
Furthermore, we did not control medication adherence,
and thus, we do not know whether patients were taking
the antibiotics or other medications prescribed to them
postoperatively.

In conclusion, considering the notable number of SSIs in
these primarily non-complicated intraorally treated fractures
despite antibiotic treatment, the role of perioperative tissue
handling and local oral circumstances in SSIs during simple
mandibular fracture surgery warrants further evaluation and
should be emphasized in clinical work. To prevent postopera-
tive infections, focus should be more on local factors instead
of antibiotic medication.

Table 4. Explanatory variables and postoperative surgical site infection in 107
mandibular fracture patients.

Surgical site infection No infection p Value

All (n) 18 89 –
Age, years
Range 18–61 18–89 .66
Mean 35.10 37.90
Median 33 34

Modified Total Dental Index (TDI)
Range 0–5 0–8 .22
Mean 2.17 1.79
Median 2 1

Treatment delay from accident to surgery, days
Range 0–8 0–6 .14
Mean 2.22 1.54
Median 2 1

No. of plates
Range 0–2 0–2 .97
Mean 1.78 1.75
Median 2 2

No. of lag screws
Range 0–3 0–3 .92
Mean 0.22 0.21
Median 0 0

No. of teeth extracted for poor dental condition (no trauma teeth)
Range 0–3 0–12 .90
Mean 0.33 0.53
Median 0 0

n % of n n % of n

Sex
Male 16 19.0 68 81.0 .35
Female 2 8.7 21 91.3

Smoking
Yes 10 27.0 27 73.0 .057
No 8 11.4 62 88.6

Alcohol and/or drug abuse
Yes 7 28.0 18 72.0 .12
No 11 13.4 71 86.6

Immunosuppressive condition
Yes 0 0.0 3 100.0 1
No 18 17.3 86 82.7

Injury mechanism
Assault 11 23.4 36 76.6 .37
Traffic accident 2 7.7 24 92.3
Falling on ground 5 17.9 23 82.1
Falling � 3 m 0 0) 2 100
Struck by an object 0 0) 4 100

Fracture site
Body 2 18.2 9 81.8 1
Symphysis/parasymphysis 16 16.7 80 83.3

Tooth removal (any)
Yes 3 15.8 16 84.2 1
No 15 17.0 73 83.0

Tooth removal from fracture line
Yes 1 100.0 0 0.0 .17
No 17 16.0 89 84.0

Tooth removal during surgery for poor dental condition
Yes 3 15.8 16 84.2 1
No 15 17.0 73 83.0

Comminution of the fracture
Non-comminuted 17 16.8 84 83.2 1
Comminuted 1 16.7 5 83.3
Minor comminution 1 25.0 3 75.0
Major comminution 0 0 2 100
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Table 5. Antibiotic use in 107 mandibular fracture patients.

Surgical site infection No infection p Value

Duration of postoperative antibiotic course, days
Range 0–9 0–26 .087
Mean 3.44 5.04
Median 4 5

Total duration of antibiotic course, days
Range 1–11 1–27 .23
Mean 5.17 6.34
Median 5 6

Preoperative antibiotics n % of n n % of n

Yes 13 15.1 73 84.9 .34
No 5 23.8 16 76.2
Penicillin G/V 12 20.3 47 79.7
Penicillin G/Vþmetronidazole 0 0 3 100
Cephalosporin 0 0 10 100
Cephalosporinþmetronidazole 0 0 8 100
Aminopenicillin (ampicillin, amoxicillin) 0 0 0 0
Aminopenicillin (ampicillin, amoxicillin) þ clavulanic acid 0 0 2 100
Clindamycin 0 0 2 100
Other (combination) 1 50 1 50

Antibiotics in anaesthesia induction
Yes 18 17.0 88 83.0 1
No 0 0 1 100
Penicillin G 13 23.6 42 76.4
Penicillin Gþmetronidazole 0 0 3 100
Cefuroxime 5 17.9 23 82.1
Cefuroximeþmetronidazole 0 0 9 100
Ampicillin 0 0 6 100
Clindamycin 0 0 2 100
Metronidazole 0 0 3 100
Other (combination) 0 0 0 0

Postoperative antibiotics
Yes 16 15.8 85 84.2 .27
No 2 33.3 4 66.7
Penicillin G/V 11 19.6 45 80.4
Penicillin G/Vþmetronidazole 1 25.0 3 75.0
Cephalosporin 3 15.8 16 84.2
Cephalosporinþmetronidazole 1 14.3 6 85.7
Aminopenicillin (ampicillin, amoxicillin) 0 0 0 0
Aminopenicillin (ampicillin, amoxicillin) þ clavulanic acid 0 0 1 100
Clindamycin 0 0 2 100
Other (combination) 0 0 12 100

Postoperative chlorhexidine mouth rinse
Yes 15 15.3 83 84.7 .17
No 3 33.3 6 66.7

Table 6. Variables of patients with surgical site infection.

All (n) 18
Days between surgery and postoperative infection
Range 5–106
Mean 31.83
Median 19.5

n (%)
Refixation for infection
Yes 1 (5.6)
No 17 (94.4)

Plate(s) removed
Yesa 10 (55.6)
No 8 (44.4)

Suboptimal reduction and/or fixation
Yes 2 (11.1)
No 16 (88.9)

aRefixation included. Figure 2. A healthy non-smoking 18-year-old male without history of alcohol
and/or substance abuse sustained a mandibular parasymphysis fracture in a
traffic accident. The fracture was operated on two days after injury.
Postoperative dental panoramic tomography image shows optimal fixation
with two miniplates and screws. A postoperative antibiotic regimen (Penicillin
V) of four days was prescribed. Despite adequate fracture treatment, the patient
had a surgical site infection nine days postoperatively without any clinically sig-
nificant cause.
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