Abdelfadil et al., Oral Hyg Health 2013, 1:1
http://dx.doi.org/10.4172/2332-0702.1000102

Oral Hygiene & Health
Research
Article
Review
Article

Open
OpenAccess
Access

Infected Mandibular Fractures: Risk Factors and Management
Ehab Abdelfadil1*, Ahmed S Salem2, Samah I Mourad2 and Fouad A Al-Belasy2
1
2

Graduate Institute of Medical Science, China Medical University Taichung City, Taiwan, China
Department of Oral and Maxillofacial Surgery, Mansoura University, Mansoura, Egypt

Abstract
Postoperative infection is one of the most commonly encountered complications after treatment of jaw fractures.
Mandibular fractures are reported to be associated with the highest rate of infections among other maxillofacial
fractures. Different factors can increase the risk of infection, including, for example, the patient systemic condition,
nature of injury, time of medical care, and type of treatment utilized. This article was aimed to review these risk
factors and to highlight the management of the infected mandibular fractures.
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Introduction
Mandibular fractures account for the majority of maxillofacial
traumatic injuries [1,2,3]. A particular interest is given to mandibular
fractures owing to the diversity of locations, severity of fractures, and
the availability of different treatment modalities [4,5]. Infection of jaw
fractures represents the most commonly encountered postoperative
complication and mandibular fractures are reported to be associated
with the highest rate of infections among other maxillofacial fractures
[6,7]. This may be attributed to its increased cortical structure and its
location in a contaminated environment [8]. Alpert et al. [9] applied
the term “infected mandibular fracture” whenever there is “frank
purulent drainage from the fracture site, either intraoral or through
extraoral fistula in chronic cases or as associated facial cellulitis in
acute presentation”. This postoperative infection is perhaps difficult to
determine whether it arises from the injury itself or from the treatment
[10]. The incidence of postoperative infection encountered with
mandibular fractures varies widely among studies and ranges from
0% to 25% (Table 1). Such discrepancy suggests the involvement of
multiple contributing variables or risk factors. This article was aimed to
present a review of these risk factors and to highlight the management
of infected mandibular fractures based on different reports from the
literature.

Risk Factors

trauma does not contribute to the development of infection in
mandibular fracture. He explained this finding by the fact that such
patients usually favor an early and adequate medical care as well as
prophylactic antibiotics. In contrast, Zachariades et al. [12] reported
that comminution, gross displacement, and compound fractures
are all factors that can contribute to the development of infection in
mandibular fractures. In a study be Ellis et al. [13], 4 out of 6 infections
encountered with mandibular fracture were associated with fractures
having 2 to 4 fragments suggesting an association between severity
of trauma and infection. Gordon et al. [14] studied the relation
between severity of mandibular fractures as measured by the UCLA
Mandibular Injury Severity Score (MISS) [15] and patient health status
with postoperative inflammatory complications. They concluded that a
higher MISS score was significantly associated with an increased risk of
inflammatory complications.
Severe traumatic injuries such as those caused by gun-shots are
often associated with increased bone fragmentation and soft tissue
disruption, [13] which could be easily linked to wound contamination
and subsequent infection. Such injuries basically necessitate prolonged
operative time particularly in patients with compromised medical
status and in procedures involving vascularized free flaps transfer.
However, the association between prolonged operative time and the
risk of infection seems to be trivial. In a study of 225 patients who
were surgically treated for mandibular fractures, van den Bergh et al.
[16] reported a mean operative time of 102.2 min with an incidence of
postoperative infection accounting for only 2.6%.

Patient-related factors

Trauma-related factors
Malanchuk and Kopchak [11] reported that severe combined
Infection

Author

Patients (n)

Bolourian R et al. [60]

31

0

0

Mehra P et al. [34]

133

3

2.3

n

%

Virulence of the microorganism, host resistance are the most
important patient-related factors linked to the development of
infection. However, many other factors have been considered. Aging
is suggested to be a potential risk factor for postoperative infection
[17]. In pediatric patients, mandibular fractures are most common,

Fox A et al. [47]

68

2

2.9

Adeyemo W et al. [100]

314

12

3.8

Lamphier J et al. [7]

594

34

5.7

deMatos FB et al. [46]

126

10

7.9

Moreno et al. [42]

232

19

8.2
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Ramakrishnan J et al. [55]

83

8

9.6

Lovato C et al. [87]

150

18

12

Czerwinski et al. [8]

181

25

13.8
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Ellis E 3rd [56]

402

75

18.7

Malanchuk et al. [11]

789

195

24.7

Table 1: Incidence of Postoperative Infection in Mandibular Fractures.
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though a variable incidence of maxillofacial trauma has been reported
[18,19]. The immature immune system of children may contribute
to the decreased resistance to infection. However, a relatively low
incidence rate of complications has been reported. This low incidence
has been attributed to the high osteogenic potential of the pediatric
mandible [20,21]. Eskitascioglu et al. [22] reported only 3% infection
rate in a retrospective study that involved 235 pediatric patients with
mandibular fractures. Upon calculating the incidence of infection
within all the encountered complications, they found the incidence to
be as high as 35% [22]. Stone et al. [23], on the contrary, reported no
association between age and the incidence of postoperative infection.
However, aging is known to be associated with impaired or at least
delayed wound healing and the situation may not be the same when
dealing with infection in children [24].
Aging is usually associated with systemic diseases, and both can
contribute to increased risk of infection [25,26]. Gordon et al. [14]
reported a significant association between aging and postoperative
inflammatory complications and suggested that the associated positive
medical history to be the cause. Malanchuk and Kopchak [11] reported
that infection rate in patients with systemic disease was as high as
42.7% when compared to only 22.4% in healthy individuals. He also
reported in the same study that infection rate increased from 9.4% in
patients younger than 20 years to 55.5% in patients older than 60 years.
Increased risk for postoperative infection of mandibular fractures was
reported in patients with AIDS, diabetes mellitus, tuberculosis, and
drug abuse [11,27,28].
Substance abuse has been linked to increased postoperative
complications rate [29,30]. Serena-Gomez [29] reported post surgical
complications in patients with substance abuse (smoking, alcohol,
and drugs) to be as high as 3.6 folds compared to non-substance
abuse patients. Biller et al. [31] also reported a considerable increase
of postoperative infection in patients with substance abuse. Smoking
has been suggested to have a considerable role in the development
of infection, wound dehiscence, and compromised osseous tissue
regeneration [32-35]. The function of cellular and humoral immune
system is affected by smoking, although the exact underlying
mechanisms are not fully understood [36]. Smoking is reported
to retard bone healing, adversely affect bone mineral density, and
even to increase the risk of osteomyelitis [37,38]. These effects were
evident in Benson et al. [39] study that involved 43 patients with
infected mandibular fractures. Most of those patients were smoking
more than one pack of cigarettes each day [39]. Serena-Gomez [29]
also reported that 37.5% of patients treated for mandibular fractures
with postoperative infections were smokers. However, bone fragility,
increased incidence of fracture, and retarded bone healing secondary
to smoking have been suggested to be independent of the decreased
bone mineral density [40]. While the negative effect of alcohol on
bone healing is well known due to impaired nutrition, the effect on
infection is not clear [41]. However, in the Serena-Gomez [29] study,
postoperative infection occurred in 18 alcohol abusers compared to
that in 15 smokers.
Pre-surgical and post surgical contamination of the fractured
site, and hence the incidence of infection, is greatly influenced by
the patient dental condition and oral hygiene [42,12]. Oral hygiene
is greatly influenced by patient compliance, which would affect the
treatment type to be used. An example is rigid fixation, which has the
main advantage of immediate jaw mobilization or at least shortening
of the maxillomandibular fixation (MMF) period [43]. Rigid fixation
requires adequate postoperative care to prevent postoperative
Oral Hyg Health
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complications especially infection, which cannot be guaranteed in
noncompliant patients [44]. It is also critical for patients to comply to
the treatment method for the recommended time, otherwise increased
risk of infection may result [23]. Eskitascioglu et al. [22] correlated the
increased rate of complications encountered in the 12 to 16 years old
patients with mandibular fractures to weak oral hygiene measures.

Time between fracture and treatment
Early treatment, within the first few hours after trauma, is said
to be associated with fewer rates of postoperative infections. Delayed
treatment (1-2 weeks after trauma) is also said to be accompanied
with increased risk of infection [42,34]. Malanchuk and Kopchak [11]
in a study of 334 patients reported a significant association between
delayed treatment (more than 7 days) and the development of
infection. Czerwinski et al. [8] in a retrospective study of 177 patients
with mandibular fractures found that delaying treatment for more than
72 hours does not significantly increase the risk of infection. Other
studies also reported that delayed treatment has no significance on
the incidence of postoperative complications (Table 2) [8,44-47]. How
delayed treatment would influence the incidence of infection is not
clear. However, Beckers [48] described a case of infected mandibular
fracture that had a third molar in the line of fracture with radiographic
evidence of chronic pericoronal infection, and suggested that infection
could have been prevented if the delayed antibiotic administration
was avoided. Therefore, in certain situations, delayed “medical
treatment” may increase the incidence of infection. This might explain
the association between delayed treatment and the incidence of
complications described by Malanchuk and Kopchak [11].

Tooth in the line of fracture
Although the tooth in the line of fracture may interfere with
reduction and/or occlusion, the greatest concern is usually directed
towards the possibility of inducing infection. Even with clinically sound
teeth, contamination can still occur through the involved periodontal
ligament, which renders all fractures in the tooth-bearing area open or
compound. Additionally, the socket forms a huge channel for bacterial
invasion, which is usually difficult to control especially when MMF is
used [49,50]. Yet, removal of the erupted or partially bony impacted
teeth during treatment of mandibular fractures was reported to
contribute to wound dehiscence even when care is taken to minimize
tension during flap closure [34]. Wound dehiscence and plate exposure
are often associated with contamination and clinical mobility that may
necessitate plate removal [51,52]. Therefore, the ideal handling of teeth
in fracture lines has always been a controversial issue. Different options
were described ranging from routine removal of the tooth in all cases to
routine preservation of sound teeth. However, most surgeons agree to
the concept of removing the tooth only if presented with loss of vitality,
root fracture, loosening, or when interfering with fracture reduction or
Patients (n)

Delayed time

Significance on
infection?

25 (14%)

72h

No

2 (2.9%)

Mean 7.2 days

No

92

6 (6.5%)

48h

No

Malanchunk et al. [11]

789

195 (24.7%)

First day
2-3 days
4-7 days
>7 days

Yes

deMatos FB et al. [46]

126

10 (7.9%)

Mean 5.4 days

No

Biller [31]

84

11 (13%)

3 days

No

Author

Total

Infection

Czerwinski et al. [8]

181

Fox A et al. [47]

68

Lucca M et al. [44]

Table 2: Effect of Delayed Treatment on Incidence of Postoperative Infection.
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occlusion [34,47,53,54]. When a decision is taken to leave the tooth in
the fracture line, it has been suggested to closely check for its vitality
after fracture consolidation to perform endodontic treatment whenever
loss of vitality is noted [11].
Mehra et al. [34] reported that leaving third molars at fracture site
increases the risk of infection. He justifies its removal if open reduction
and internal fixation is to be used, as long as enough bone can be left in
the lingual and inferior buccal aspects to ensure adequate bone contact
and subsequent bone healing. On the other hand, preservation of
teeth in the line of fracture has been described to add to the reduction
stability [47]. This may be true in some situations, where removal of the
tooth may result in a defect that can reduce the bone to bone contact
and hence significantly reduce fracture stability.
Ramakrishnan et al. [55], in a study of 83 patients with angle
fractures, reported that the presence of third molar teeth had no
significant impact on postoperative complications. Moreover, he found
that selective removal of these teeth following the standard guidelines
may not decrease postoperative complication rates. Malanchuk and
Kopchak [11], in a study of 789 patients with mandibular fracture,
reported a 25% infection rate in cases with teeth in the fractured
site. However, this high infection rate was not significantly different
when compared to cases that developed infection with no teeth in the
fracture line (22%). Similar results were also reported by Ramakrishnan
et al. [55]. In a study by Ellis [56], the incidence of infection related
to presence or absence of teeth in the line of angle fractures was not
statistically different. Moreover, there was no significance related to
either retaining or removing the teeth involved in the fracture line.
Cabrini Gabrielli et al. [57] also reported an insignificant difference
between an infection rate of 7.14% after third molars in the fracture line
were removed and 11.9% when they were retained. Impacted teeth in
the fracture line usually present less concern compared to erupted teeth.
Baykul et al. [45] reported that removal of asymptomatic impacted
third molars with no history of previous infection results in additional
trauma that can increase the risk of infection and displacement of bony
fragments.

Open Versus Closed Treatment
Whether the type of treatment is a significant determinant factor for
the development of postoperative infection is controversial. Compared
to open reduction, closed reduction is reported to be associated with
lower rates of postoperative complications [7]. The higher incidence of
postoperative complications with open reduction has been ascribed to
exposure of the fracture site as well as the hardware to the oral cavity
flora [55] Acero et al. [58] reported that, 100% of retrieved titanium
plates that were intraorally exposed had contamination compared
to 36% of plates removed 3 months postoperatively in a control
group. However, some studies reported minimal infection rates with
open reduction techniques. Erol et al. [1] reported a very low rate of
infection following internal fixation accounting only for 1.1%. Gordon
et al. [14] also showed no significant difference between closed and
open reduction considering the risk of postoperative inflammatory
complications. These conflicting reports may support the multifactorial
etiology of postoperative infection in mandibular fractures.
Moreno et al. [42] reported an association between postoperative
infection and the severity of the fracture rather than the type of treatment
used. In this study, they described the complications encountered in
323 patients treated for mandibular fractures with different treatment
modalities (intermaxillary fixation, 2.0 mm mini-plates, AO 2.4 and
2.7 mm systems), and found that there was no significant difference in
Oral Hyg Health
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the postoperative infection rate among the different types of treatment
used. However, apart from the trauma itself, a more invasive surgical
treatment with wide exposure is usually required for severe traumatic
injuries. This in turn decreases vascularity owing to periosteal elevation
and increases the possibility of wound dehiscence and contamination.
Rasubala et al. [59] compared the healing process in plated and
nonplated mandibular fractures in rats. He found that the healing
process was delayed for 1 week in the plated group. He attributed this
finding to the surgical trauma and stripping of the periosteum, which
plays an important role by providing the osteogenic progenitor cells in
the early stages of bone healing.
Extensive periosteal stripping may decrease the resistance to
infection [50]. Proceeding from the superiority of limited periosteal
elevation on the healing outcomes, some surgeons utilized an
approach that combines both internal fixation and MMF dispensing
with the advantage of immediate jaw mobilization. Bolourian et
al. [60] described a treatment approach that utilized the use of 2.0
mm miniplate fixation placed transorally at Champy’s line of ideal
osteosynthesis [61] accompanied with 2 weeks of MMF and none of
the 44 patients developed any complication including infection. In a
similar study, Chritah et al. [62] utilized a transoral 2.0 mm locking
miniplate fixation combined with 1 week of MMF and no postoperative
infection was encountered. This approach combines the advantages
of less periosteal stripping owing to the use of a single osteosynthesis
plate, reinforcement of the tension band, better soft tissue healing, and
reduced possibility of wound dehiscence that may predispose to the
development of infection [7,54,60]. These previous studies provide
clues that periosteum elevation is an important factor to be considered
during treatment of mandibular fractures and corroborate the fact
that local vascularity is a determinant factor of the capacity of wound
healing [63].

Rigidity of Fixation
While fracture instability is known to retard bone healing through
interfering with proliferation of capillaries across the gap, [64] the
relationship between the rigidity of fixation and infection remains less
defined. However, inadequate stability and interfragmentary mobility
is reported to be associated with a greater tendency of infection
[42,57]. Interfragmentary movement has been suggested to introduce
microorganisms into the fracture site [65]. Alpert [50] stated that
macro movement breaks up the capillary ingrowth into the fracture
hematoma and pumps in nonpathogenic oral flora through the
periodontal ligament [49]. Stone et al. [23] reported that 20% of the
overall postoperative infection occurred in patients treated with open
reduction and internal fixation with wire osteosynthesis (in addition to
MMF for 4 to 6 weeks) compared to only 6.3% when open reduction
with rigid internal fixation was used. This seems a little bit confusing
as to whether wire osteosynthesis and MMF compared to rigid internal
fixation provide less rigidity to a degree that leads to increased risk of
infection. Stone [23], however, mentioned that virtually all the patients
who developed postoperative infections following open reduction
with wire osteosynthesis released their MMF prematurely against
medical advice. Fracture stability can be also greatly influenced by the
experience of the operator [66]. A loose internal fixation device acts as
a foreign body and hence induces infection [50]. Consequently, errors
arising from poor plate adaptation, screw-holes drilling, or screw
placement can result in interfragmentary mobility that increases the
risk of infection.
Soft tissue infection and wound contamination are often considered
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as important factors regarding fracture severity and expected
complications [67]. Infection results in a hypoxic environment,
which may lead to fibrous union without bone formation [68]. A
high association between infection and nonunion has been reported.
Mathog et al. [69] reported that 17 out of 25 cases of nonunion were
associated with infection. Malanchuk and Kopchak [11] augmented
this finding in a study of 195 infected mandibles and showed that 55%
of the infected cases developed nonunion secondary to infection.

Titanium is well known of its biocompatibility [58]. TheologieLygidakis et al. [77] studied the morphological and chemical changes
of retrieved titanium osteosynthesis plates as well as the adjacent soft
tissues, and reported no electrochemical changes of titanium nor
titanium deposits in the soft tissues. However, they reported mild
chronic inflammation of the adjacent tissues that could not be attributed
to the titanium plates. In another study, Langford et al. [78] found
titanium in the soft tissues up to 13 years postoperatively. However,
most titanium lied extracellularly with no evidence of inflammatory
response or giant cell reactions.

In a study including 32 patients with oblique infected mandibular
fractures, Ghanem et al. [54] used a single 2.3 mm reconstruction
plate and reported no postoperative complications. These authors [54]
compared two groups; one with the 2.3mm reconstruction plate fixed
with 3 screws on each side and another group with the plate fixed with
2 screws on each side followed by MMF. They reported a higher rate of
bone formation in the first group as revealed by postoperative follow
up radiographs.

The biodegradable bone plates present today posses the
biocompatibility, rigidity and strength necessary to provide
undisturbed bone healing [79]. The degradation of biodegradable bone
plates is initiated by an inflammatory process. However, when intense
inflammation is induced, secondary infection occasionally occurs
[80]. Laine et al. [81], however, surveyed 163 patients who had 329
orthognathic osteotomies fixed with bioresorbable devices and found
that only 1 patient (0.6%) had infection. Despite the difference between
traumatic fractures and orthognathic osteotomies, Laine et al. [81]
study indicates that a bioresorbable device by itself is unlikely to induce
infection. Lee et al. [82] and Bhatt et al. [83] reported no significant
difference in complications encountered with titanium plates when
compared to biodegradable plates in 2 studies that respectively involved
91 and 40 patients treated for mandibular fractures (Table 3). These
studies support the concept of biocompatibility of the bioabsorbable
devices and further disclaim any association between such devices and
the risk of postoperative infection.

A balance between interfragmentary micromovement and
macromovement determines whether the vascular ingrowth will
be stimulated or broken down [50]. For successful treatment, the
osteosynthesis device must provide adequate stability, which controls
the interfragmentary movements without necessarily preventing it
completely. Interfragmentary micro movements are reported to help
fracture healing by stimulating external callus formation [10,54,50].
However, in conventional mandibular fractures, rigid fixation,
functionally stable fixation, or even nonsurgical treatment including
only observation and soft diet are all viable treatment options [70,71].
Ogasawara et al. [72] reported a case of pathological fracture resulting
from osteomyelitis that was treated with only intermaxillary elastic
guidance. The authors attributed the bony union to prevention of
displacement of the fractured segments.

The Value of Antibiotics

Titanium Versus Biodegradable Plates

Some maxillofacial surgeons favor the prophylactic use of
antibiotics. Moreno et al. [42] reported the use of broad spectrum
antibiotic as a prophylactic measure in almost all patients with
mandibular fractures. Albeit this measure was started from the time of
admission to hospital, infection was the most common postoperative
complication (8.2%). A similar protocol was followed by Fox et al. [47]
and only 2.9% infection rate was encountered. Van den Bergh [16] used
postoperative prophylactic antibiotics for 1 week and reported only
2.6% post operative infection rate.

The indications for removal of titanium plates are infection,
inflammation, exposure, palpation, nonunion, pain, device failure and
denture discomfort [58,75,76]. Although infection may be associated
with an increased risk of nonunion, bone healing was reported to
occur when infection was present. However, plate removal becomes
inevitable for successful resolution of infection when it loosens [50,40].

The importance of postoperative antibiotic administration has also
been questioned. Abubaker et al. [84] evaluated the value of postoperative
prophylactic antibiotics in a randomized, double-blinded and placebo
controlled clinical study. He found no benefit of postoperative
prophylactic antibiotics in reducing the incidence of infection. The
same results were reported by Miles [85] (Table 4). However, Mehra

The use of 2 mini plates for mandibular angle fracture is reported to
be superior to single plating technique [73]. In a comparative study of
a single versus 2 non-compression plates for treatment of mandibular
fractures, Danda [74] reported similar complications rates regarding
wound dehiscence and infection, and concluded that the use of 2 plates
has no advantages over the single-plate technique.

Patients
Author

Infection

n

Titanium

Biodegradable

Lee H et al. [82]

91

44

Bhatt K et al. [83]

40

21

Titanium

Biodegradable

Significance?

n

%

n

%

47

1

2.27

2

4.25

No

19

1

4.7

0

0

No

Table 3: Incidence of Infection with Titanium versus Biodegradable Bone Plates.
Patients
Author

Total

Ab†

Infection
No Ab

Ab

No Ab

n

%

Significance?

n

%

Abubaker et al. [84]

30

14

16

2

14.3

2

12.5

No

Miles [85]

181

81

100

8

9.9

14

14

No

†Ab: Antibiotic
Table 4: Effect of Postoperative Antibiotics Administration on the Incidence of Infection.
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et al. [34] reported only 1.8% postoperative infection rate in a series
of 163 mandibular angle fractures after using a prophylactic antibiotic
protocol consisting of intravenous administration of penicillin G (or
clindamycin in case of penicillin-allergy) in addition to postoperative
oral antibiotics for 7 days and chlorhexidine mouth wash for 2 weeks.
Furr et al. [86] found no correlation between antibiotic administration
and long-term postoperative infections. They found that 83% of
patients who developed infections actually received antibiotics at some
point in the treatment course.
Lovato et al. [87] compared perioperative antibiotic regimen (no
more than 24 hours postoperatively) versus extended postoperative
regimen (from 1 to 10 days postoperatively). They found no significant
difference between the 2 groups with respect to the development
of infection. Malanchuk and Kopchak [11] reported that the type
of antibiotic used can influence the risk of infection in cases with
mandibular fractures. They described a lower infection rate associated
with the use of lincosamides, which are known to accumulate in bone
tissues.

Management
Besides bacteria, infection of mandibular fractures can originate
from inadequate interfragment stability, foreign bodies, loose hardware,
tooth in the line of fracture and necrotic bone fragment [50]. Therefore,
careful examination is necessary to find out possible implicated factors
to initiate the appropriate treatment accordingly. In a case report
described by Thurnwald [65], he suggested that early use of antibiotics,
appropriate oral hygiene and a supportive bandage could prevent
infection of compound mandibular fractures. However, whether a
supportive bandage could actually aid in decreasing interfragment
mobility till fracture treatment is undertaken is questionable. Early
intervention is perhaps the adequate approach to achieve this. Another
important issue that could help in the management of initially infected
fractures is adequate irrigation. Wound irrigation is an essential
maneuver in all surgical procedures. Some authors advocated the use of
pulsatile pressure saline/antibiotic irrigation in an attempt to decrease
contamination prior to reduction [88].
For management of infected compound mandibular fractures 72
hours after trauma, Maloney et al. [89] suggested the use of MMF
and intravenous antibiotics until infection is resolved before open
reduction is performed. The same concept was also suggested by
Michelet et al. [43]. Beckers [48] described the use of bone plates for
treatment of initially infected mandibular fractures and reported noncomplicated healing in 14 out of 19 patients treated in his study. In the
remaining 5 patients, although infection persisted for approximately
10 days postoperatively, fracture healing was achieved albeit plates
were exposed. Postsurgical infections can be successfully treated with
localized intraoral incision and drainage in addition to antibiotic
therapy [34,47,82]. In many cases, resolution of infection can be
achieved through intravenous administration of antibiotics [90].
As long as the fixation is rigid, fracture healing can still be expected
even though resolution of infection is incomplete [91]. Lamphier et
al. [7] stated that whenever wound dehiscence is encountered, daily
irrigation is imperative to prevent infection development. Fox et al. [47]
reported a case of mandibular angle fracture treated with mini plates
that developed infection 4 weeks after surgery. Although infection
resolved in response to incision and drainage plus a 10-day antibiotic
therapy combined with chlorhexidine rinse, the incision failed to
heal and plate removal was required. Cases resistant to conventional
treatment or those with failed internal fixation devices often necessitate
Oral Hyg Health
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the removal of the osteosynthesis material. [6,42,50] This is usually
followed by debridement to healthy bleeding bone and restabilization
with rigid fixation if bone healing was not achieved [92]. If a defect has
developed, autogenous bone grafts might be needed [69].
Osteosynthesis screws must be placed in healthy bones [43].
The bone viability of severely infected fractures, e.g. pathological
mandibular fractures due to osteomyelitis, cannot be guaranteed and
limited healing or union capacity is expected. This may frequently
necessitate resection of the pathologically involved tissue until
normal healthy bone is encountered. This may subsequently require
vascularized bone grafting [93,94]. This scenario shifts the situation
from a simple traumatic injury to a more complicated one that requires
a reconstructive surgery.
Recently, Benson et al. [39] and Alpert et al. [9] advocated the use of a
more aggressive approach to successfully treat the infected mandibular
fractures. This approach involved the use of antibiotics, aggressive
debridement and trimming to healthy bone and rigid internal fixation
with 2.4 or 2.7 mm reconstruction plate with at least 3 bicortical screws
on each side. In addition, immediate autogenous particulate marrow
bone grafting was used. Incorporation of gentamycin powder into the
bone graft or the use of tobramycin beads has been also suggested.
Unsuccessful outcome using this approach was reported to be
associated with medically compromised patients. Figure 1 summarizes
a protocol for management of infected mandibular fractures advocated
by some authors [6,9,37,50,54,56].

Discussion
The management of infection is one of the most common
and occasionally intriguing jobs in medical practice. Infection
superimposed on jaw fractures may be somewhat more challenging. A
number of factors have been implicated as causative to this infection.
Accompanying soft tissue lacerations, degree of bone fragmentation,
the healing capacity of tissues, and the immune system status are some
of several factors that play a role. Therefore, a thoughtful assessment of
these potential factors becomes imperative for better outcome.
Despite the diversity of the available management protocols
described for maxillofacial traumatic injuries, patients are often
managed differently. While some severe traumatic injuries were
successfully treated with a low incidence of postoperative infections in
one study [11], severe injuries were a considerable risk of less favorable
outcomes in four studies [13,14,22,42]. This implied that even the
greatest care may not prevent complications and one or more of the
involved factors may pass uncorrected during the treatment course.
However, patient-related factors cannot be ignored. Apart from the
systemic condition of the patient, the effects of smoking, alcohol or
drug abuse on how tissues react against injuries and infection may shift
the treatment outcomes towards unpredictable prognosis.
Oral hygiene is a key factor to eliminate and prevent postoperative
infection. For patients, the immediate post-traumatic few days are
usually associated with the greatest inconvenience encountered
throughout the whole treatment course. During this period, patients
suffer pain, edema, and difficult chewing. Therefore, they usually try to
mitigate against discomfort by restricting mandibular movements with
subsequent inadequacy or absence of oral hygiene measures.
Morbidity associated with teeth in the line of fracture is debatable
[95,96]. However, as long as the tooth in the line of fracture is clinically
and radio graphically sound, there is no increased risk with regard
to the development of infection when the tooth is retained. Tooth
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Infected Mandibular Fracture

Investigate Potential Etiologic Factors
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-  Garamycin Poweder into the Graft.
-  PRP/Fibrin Glue.
-  Tobramycin Beads.
- Continue Antibiotics for at least 3 days.

Figure 1: Summary of the management protocol of infected mandibular fractures.

removal may add to the severity of the situation in both open and closed
reduction protocols. Some displacement and imperfect union may be
encountered with closed reduction. Although this can be corrected
by physiologic bone remodeling, the need ensues for increasing the
MMF period, which is the main disadvantage of the closed reduction
technique. On the other hand, depending on tooth position, removal of
the tooth in the fracture line with an open reduction protocol my result
in a defect that sometimes necessitates a bone graft with an increase in
the complexity and cost of treatment.
The basic concept of better bone vascularity with less periosteum
elevation is probably true with respect to bone healing. However,
its role in infection may be less defined. Comminuted fractures are
the most complicated among all fracture patterns [96]. They are
classified as open fractures in most cases, [97] and owing to the bone
fragmentation, they are highly susceptible to compromised vascularity
when treated with open reduction and internal fixation [98]. Despite
these facts, the traditional closed treatment for comminuted fractures
has been changed and the standard of care now is open reduction
and internal fixation [13]. Li et al. [99] reported only 2 postoperative
infections in a series of 21 patients treated for comminuted fractures
with open reduction and internal fixation (in addition to MMF). He
attributed these infections to involvement of untreated impacted tooth
in one case and to mobility of segments in the other case. No nonunion
complications were reported. They pinpointed that despite the
disruption of the covering soft tissues by wires, screws, and bone plates,
the excellent blood supply to the face allows small fragments of bone
to combine and heal when open reduction of comminuted fracture is
used [99]. An important factor that is often overlooked with respect to
the mandibular fractures is the lingual periosteum. In most cases, the
lingual periosteum is intact, even in severe traumatic injuries, and it
Oral Hyg Health
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is extremely rare to be compromised in any way during treatment of
the fracture. In comminuted fractures, the lingual periosteum plays a
critical role in the treatment outcomes, and hence, it is essential to be
maintained if at all possible [97].
Bilkay et al. [100] examined the role of periosteum on callus
formation. The results of both subperiosteal and supraperiosteal
dissections were similar with respect to callus formation and maturation
at 3 and 8 weeks, respectively. When periosteum was elevated both
buccally and lingually, immature callus formation was noted at 8
weeks. Therefore, with the exception of severely compromised patients,
the potential risk of infection should not be considered a limiting factor
against the use of rigid internal fixation.
Antibiotics are a basic and instrumental adjunct in the
management of infection. However, with respect to mandibular
fractures, preoperative and postoperative antibiotics and strict oral
hygiene measures combined with chlorhexidine mouthwashes have
their reliable role in the prevention of postoperative infection.
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