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Dog bites in the pediatric population commonly cause injuries to the head and can be
associated with fractures, often leading to prolonged hospital stays, multiple surgical
interventions, and long-term complications. Our goal was to evaluate our experience
with dog-bite-related craniofacial fractures, understand frequency and demographics
of these fractures, identify common fracture patterns, and provide recommendations
based on management and complications encountered. The institution’s electronic
medical record was reviewed. A review of the English literature for the past 20 years was
also conducted. A retrospective chart review was conducted using ICD-9 codes to
include all patients with head and neck dog bites and craniofacial fractures. Fractures
resulting from canine bites to the face and scalp were rare, occurring in our study in less
than 1% of total facial dog bites (1,069 cases) and 1.5% of pediatric facial dog bites
(462 cases). Ages ranged from 5 months to 9 years at the time of presentation. A total
of seven patients, all pediatric, were documented. All seven patients required operative
intervention for their wounds, and five patients required at least two operative
interventions. Midface and skull fractures were the most commonly encountered
fracture sites. Dog bite injuries to the face in young children, especially when severe,
should raise suspicion for fracture of underlying bone. Management of these injuries
should include a multidisciplinary approach and focus on repair of soft tissue and
skeletal deformities. Furthermore, it is prudent to follow up patients who require
operative management after injury to monitor for long-term complications, given the
significant proportion of complications and operative takebacks in this study.

An estimated 800,000 of 4.7 million dog bites per year
require medical attention, constituting 12.9 per every
10,000 visits to U.S. emergency departments."? In children
younger than 7 years, these injuries represent a significant
proportion of all maxillofacial traumas, nearing 30%.>% Due
to a young child’s short stature, proportionally large head,
and lack of defensive strength, the incidence of facial dog
bites varies inversely with age.> As much as 80% of pediatric
dog bite injuries, an estimated 44,000 cases per year, occur
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on the head and neck.2#~7 Furthermore, in the vast majority
of cases in the United States, the attacking dog is owned by
the victim’s family or friends.®°

The mechanism of injury in a dog bite attack is unique,
which yields important considerations in initial survey, surgi-
cal reconstruction, and prophylaxis. Soft-tissue injuries from a
bite are generally classified into three major types: laceration,
avulsion, and puncture.'® A bite attack characteristically in-
volves forceful, penetrating injuries with following shear action
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that together can result in major avulsions of skin, de-vitaliza-
tion of soft tissue, and damage to the underlying neurovascular
structures.' "2 Although cat and human bites are much more
likely to become infected, dog bites still carry around a 10% risk
of infection. Pasteurella multocida is the most commonly
cultured organism in the first 24 hours, and accounts for 25%
of all infections from dog bites. Of note, consideration for rabies
postexposure prophylaxis is more urgent with bites of the head
and neck, given the proximity to the brain."> The face and scalp
have rich vasculature with good blood flow to prevent infec-
tion; however, the crush and puncture actions associated with
dog bites can cause tissue ischemia and deep lacerations,
creating a nidus for infection.'®'> Dog-bite-related fatalities
are infrequent, occurring in roughly 20 cases per year in the
United States, and most often result from massive hemorrhage
in cases of carotid trauma.'"'%'®17 Serjous injuries requiring
major reconstruction often involve the nose, lips, and ears.'®
The nose, lips, and cheeks have been deemed the “central target
area,” as these structures are most commonly affected by facial
dog bites.'®1?

Although somewhat rare, the compressive force of dog
bites can be sufficient to fracture bones, especially the thin
facial bones of a child. The overall incidence of facial fractures
from this injury is unknown, with general and pediatric chart
reviews often reporting no such cases.>*2%21 As such, health
care personnel are less aware of the potential for this
complication. Fractures involving the orbit, nasal bones,
and skull have been most commonly reported.'>22-24 Chil-
dren who have dog bites severe enough to cause fractures
frequently require hospitalization and staged procedures,
with some requiring prolonged pediatric intensive care unit
stays.24 It was our goal to evaluate our institution’s experi-
ence with dog-bite-related craniofacial fractures and review
the available literature regarding such injuries. By doing so,
we hoped to understand the demographics and patterns of
dog-bite-related facial fractures and to discuss circum-
stances that should raise suspicion for this poorly recognized
sequela of injury. It was also our goal to review management
and complications in an effort to provide a treatment algo-
rithm for use when these patients are encountered.

Methods

A retrospective chart review approved by the institution’s
Institutional Review Board was conducted using a database
query of the Cerner Electronic Medical Record to identify all
potential subjects. Patient visits in the past 5 years (January 1,
2010, to June 1, 2015) were filtered using ICD-9 codes: E906.0
(dogbite), 872.x - 874.9 (all head/neck open wounds), 800.xx -
804.99 (all head fractures). Pediatric patients were defined as
all patients younger than 18 years. Only patients with facial
injuries as a result of dog bites were included, and these
patients were then further filtered to a subgroup of patients
with a facial fracture ICD-9 code. Eligibility for the subgroup
was determined by review of individual cases by the primary
investigator and required a facial fracture as a direct and sole
result of a dog bite injury to the face. Patients who sustained a
fracture during the attack from a related injury, such as falling
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to the ground after being bitten, were excluded. Patient
demographics, dog breed, soft-tissue injuries, fracture sites,
operative interventions, and complications were reviewed.
Microsoft Excel Software was used for data analysis.

The current literature on dog-bite-related facial fractures
was reviewed. and Ovid searches were performed by title,
relevance, and date using key words such as “dog, bite, facial,
fracture, and severe” and references from these publications
were reviewed for missed publications. Individual pediatric
case reports over the past 20 years were reviewed. Articles
were excluded from analysis if they did not specify fracture
site, demographics, or management.

Results

Atotal of seven patients, all pediatric, were documented to have
associated facial fractures, which constituted 0.7% of all pa-
tients and 1.5% of pediatric patients with facial dog bites. Ages
of patients ranged from 5 months to 9 years at the time of
presentation. All seven patients required operative interven-
tion under general anesthesia for their wounds, and four of the
seven patients (57%) required reduction of their facial fractures.
Five patients (71%) required at least two operative interven-
tions. All patients received antibiotic prophylaxis and only one
patient had a postoperative infection (14%) with P. multocida,
which developed in association with an undiagnosed skull
fracture. The most significant associated injuries requiring
further management included intraoral avulsions with dental
loss and dural lacerations. In two of the three skull fractures, the
diagnoses were not made on initial survey.

More than half of the patients presented with fractures at
multiple sites. Midface, orbital, and skull fractures were the
most common fracture sites. Fractures in two patients
involved significantly comminuted bone. In three cases
(43%), prolonged complications requiring additional proce-
dures developed due to intraoral injuries. Interestingly, each
case involved a different dog breed, although all were large
dogs that were known to the family. Unsupervised patient-
canine interaction was an associated factor with the majority
of these cases (71%). Only three (43%) of the dogs had any
history of aggressive behavior including bite attacks in the
past. A summary of these cases can be found in =Table 1.

Literature Review

We compiled seven of the most recent individual case reports
from our literature review. Ages ranged between 9 months and
13 years. These cases composed of mainly mandibular fractures
and skull fractures. All the mandibular fractures required
internal fixation and fracture patterns were somewhat unique,
including comminuted fractures of both body and ramus with
avulsed condyle, mandibular symphysis fracture, and a vertical
mandibular ramus fracture. Associated injuries included eyelid
lacerations, facial nerve injury, parotid injury, intraoral avul-
sions, and dentalinjury. All skull fractures were at least partially
delayed in diagnosis, with one case not being discovered until
after abscess development. Patients required hospital stays
from 4 days to 2 months following their operative treatment.
A complete summary of cases can be found in ~Table 22573
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Discussion

Craniofacial fractures resulting from dog bites are uncommon
occurrences that seem to be largely limited to the pediatric
population. This observation is in line with the increased
frequency of head and neck dog bites in this population and
the relatively thin craniofacial bones of young children. The
majority of the patients included in this study and in the
literature were younger than 7 years. Wei et al published a
retrospective chart review of 17 pediatric facial fractures
resulting from dog bite attacks presenting over a period of
roughly 9 years. They found that 1.4% of pediatric facial dog
bites resulted in fractures. Fifty-three percent of the patients
were female and the ages ranged from 6 months to 10 years,
with an average of 3.9 years.22 Tu et al reported a case series in
which they estimated fractures occurred in less than 5% of
cases but did not discuss methods of data collection. They
reviewed six patients at their own institution with an age
range of 4 to 12 years.?? Interestingly, we found that the
average ages of skull fractures were somewhat lower than
other reported fractures, occurring largely in patients younger
than 1 year. This agrees with the study of Wei et al showing all
skull fractures occurring in children younger than 1 year. Steen
et al provided a chart review specifically focused on penetrat-
ing skull fractures from canine bites. They reported 10 such
incidents with 90% younger than 2 years.3> Midface (3), orbital
(3), and skull fractures (3) were the most common fracture
sitesin this study. Wei et al found that approximately one-third
of the patients had multiple facial fractures with nasal frac-
tures being the most common, followed by skull, zygomatic,
and orbital fractures.?? Tu et al found that half of the patients
had multiple fractures and the most common were zygomatic,
orbital, and nasal fractures.”> Craniofacial fractures were also
noted in the following general reviews, but typically lacked
specification of individual case details. Garvey et al reviewed
282 general pediatric dog bites and showed a 4.6% fracture rate
when selecting for only head injuries. The most common were
skull (6) and nasal (4) fractures.?* Gurunluoglu et al docu-
mented 75 patients with facial dog bite injuries and found a
6.7% fracture rate, consisting of midface, mandibular, and nasal
fractures.>® Mitchell et al reported a 13.6% fracture rate of
children suffering from dog bites to the scalp, face, and neck.
The majority were skull fractures, but a midface and a man-
dibular fractures were also reported.>* Brogan et al reviewed
40 cases on severe dog bites in children, and found 25% had
facial fractures; however, they used exclusion criteria to
specifically review severe cases including acute hospitalization
or death. The most frequent fractures were skull fractures (8)
compared with all other facial fractures (5), with the majority
of these patients having multiple fracture sites.'> Wiseman et
al also reviewed cases of serious dog bite injuries (57) and
found a 6.7% facial fracture rate when selecting only children
with facial injuries.16

In general reviews focusing on all dog bites to any part of the
body, craniofacial fractures in children are by far the most
common fracture type.'% %24 Limiting to the pediatric popula-
tion, based on our study and our literature review, fractures
resulting from dog bites to the head are generally reported at a
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rate of 1 to 6%. Additionally, there does not appear to be
significant variations in gender in the current study and
aforementioned publications. Severe dog bite injuries to the
face may have higher incidence and should always raise suspi-
cion for fracture of underlying bone. Studies focused on severe
cases appear to have some of the highest reported fracture
rates.'?1® However, based on our chart review, a lack of severity
on initial survey does not appear to preclude the presence of
serious fractures. The majority of these patients will require
admittance to the hospital. As Mitchell et al noted, fractures
may be the strongest factor associated with hospitalization in
facial dog bites.>* Tu et al, Wei et al, and the present study
agreed that at least more than 80% of patients required surgery
and hospitalization.??

The power of a dog bite is generally proportional to the
size of the dog’s jaw and jaw muscles. The most common dog
breeds implicated with facial fractures after an attack are
breeds with large jaws, such as the Pitbull, German shepherd,
Rottweiler, and Labrador.?>23-25-27:32 pithulls have particu-
larly wide jaws and a behavioral tendency to deliver sus-
tained, prolonged force during a bite. Many bites with
associated fractures display a pattern of lacerations on
both sides of the bone or lacerations on the opposite side
of the head in the cases reviewed. All patients reviewed by
Steen et al had scalp lacerations, most commonly present
both ipsilateral to the side of the fracture and contralateral.>2
This counterforce most likely helps provide the fixed and
sustained pressure required to fracture bone.?22:23:32

The discovery of a fracture in these cases should prompt
examination for other fracture sites given that a significant
proportion (33-60%) of these patients present with multiple
facial fractures.?22332 Despite the fact that facial bites tend to
occur more often near the nose, lips, and cheeks, we found that
skull fractures seem disproportionately high and perhaps even
more common than fractures adjacent to the central target
zone.'® Pressures as great as 28.12 kg/cm can result from the
dog’s narrow teeth, and when applied perpendicularly to
the thin, wide bones of the skull can easily cause punctures
to the cranium. Skull fractures can often occur bilaterally or
coexist with facial fractures due to the mechanism of a forceful
bite gripping the head from two opposing sides.3? Cranial
fractures were more common in infants, where the skull-to-
face ratio is much higher, which could contribute to an in-
creased likelihood of sustaining injury to the scalp.

There is a pattern of late diagnosis with depressed skull
fractures, often remaining unrecognized until complica-
tions such as abscess or meningitis appear.25'32 Lacerations
over the skull may be particularly deceptive, as underlying
puncture fractures may not be obvious due to displacement
of the scalp. Furthermore, both normal consciousness and
absence of neurologic deficits do not appear to rule out
penetration of the cranium.3? It is possible that CT is
underutilized in cases that present as punctures to the
scalp through relatively small skin wounds.>® All scalp
lacerations must be thoroughly examined to exclude the
possibility of a skull fracture. Similarly, small puncture
wounds over maxillary or frontal sinuses may easily disrupt
bone.'822:23:36 comminuted fractures of the skull require
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exploration and debridement, as they are more likely to be
associated with dural lacerations.3?

Orbital and alveolar fractures from these attacks tend to
require additional procedures due to higher complication
rates. Orbital fractures are often associated with ptosis or
canthal tendon injury. Orbital and nasal bone fractures had
high rates of epiphora and lacrimal duct damage often requir-
ing tubing or dacrocystorhinostomy.?? Periocular bite wounds
tend to involve lacerations of the lid, canthal tendon, and
canalicular system, and have the potential for damage to the
globe and intracranial penetration as well.>” Mandibular or
maxillary fractures along the alveolus can cause dental injury,
which may require additional procedures if permanent denti-
tion is affected. Lacerations on either side of the mandible can
be an indication that the bone was physically held between the
dog’s jaws and was subjected to high, sustained force.?3

Dog bite fractures can demonstrate unique fracture pat-
terns with significant comminution due to the mechanism of
injury.?32627 Despite the unique cause of injury, the authors
favored using traditional methods of internal reduction and
rigid fixation for displaced fractures. Nondisplaced fractures
should be treated with routine closed reduction and soft diet.
Because dog bite fractures occur primarily in the pediatric
population, they tend to require special consideration for
maturing facial skeleton, varying dentition, and fixation of an
immature temporomandibular joint. Resorbable fixation is
ideal for displaced fractures that are non-load-bearing, such
as zygomatic and midface fractures. Mandibular fractures
that are non-load-bearing can be treated with intermaxil-
lary fixation, but this requires either adequate dentition or
careful planning to avoid injury to un-erupted teeth. Rigid
metallic fixation is acceptable and was preferred by the
majority of surgeons in the present cases, but removal is
recommended at 3 to 6 months to avoid plate migration and
growth restriction.3® Significantly displaced nasal fractures
should be managed with closed reduction and splinting
when possible, but minimally displaced fractures, especially
in older children, may benefit from observant management
to avoid further bone disruption with consideration for
formal septorhinoplasty after the age of 16 years.>®

Antibiotic coverage remains a controversial issue. Lack-
mann et al have suggested that any bite with bone involvement
should be treated empirically with antibiotics.'® The rate of
infection among reviews of fracture cases was between 0 and
12%, and does not appear to be significantly higher than
average for dog bites in general, which is typically less than
10%.1022:2332 Thjs may be because all cases with identified
fractures are treated aggressively with antibiotics, but no
untreated group is available for a comparison of infection
rates. The most commonly used antibiotics for primary pro-
phylaxis were ampicillin/sulbactam, cephalosporins, or clin-
damycin. If there is evidence of intracranial penetration, Steen
et al recommend meropenem.>? At this point, there is not
enough information to provide further recommendations for
antibiotic coverage and is an area for further research.

This study adds to the current body of knowledge, given
the relative lack of information available and comparison to
previously published research. Currently, case reports and
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several small case series were noted in our literature review.
Case reports are subject to bias based on perceived rarity,
which may contribute to the larger number of mandibular
fractures, a fracture less commonly noted in case series. To
our knowledge, there is only one prior study, conducted by
Wei et al, of similar design to the present study as a retro-
spective chart review focused specifically on fracture rates in
facial trauma caused by dog bites. Unlike Wei et al, we
included the adult population in our analysis and found no
patients with such injuries, indicating this is largely only a
concern in pediatric populations. We also found a higher
proportion of skull fractures which is one of the main
controversies in the current literature; however, our studies
did agree that these fractures largely occurred in children
younger than 1 to 2 years.'>23:34

Our study was limited by the low rate of craniofacial
fractures caused by dog bites. In reviewing the electronic
medical records of our institution for 5 years, only a small
sample size was generated and only pediatric cases were
found. Additionally, we collected and filtered cases into
groups and subgroups based on ICD-9 codes, and it is
possible that if all codes were not entered in our electronic
records by providers, facial fractures that did not require
surgical intervention or facial dog bites without clinically
significant fractures may have been missed in our review.
Therefore, it is possible that our data are an underestimate of
total cases. A review of literature was included to consolidate
what is known of these types of fractures, although current
literature is also largely limited to case series format without
large, randomized trials. As such, much of our literature
review is descriptive in nature, with the purpose of disse-
minating and summarizing information rather than evaluat-
ing study techniques or effectiveness of therapy. In an effort
to develop a treatment protocol, a formal systemic review
may be beneficial, given the relative difficulty of forming a
single large study with the limited patient population.

Conclusion

Dog-bite-related fractures primarily occur in the very young
patients at a rate of 1 to 5%, with little to no indication based
on symptoms alone. Physicians must be very thorough when
examining minor lacerations around the orbit, sinuses, and
scalp. One fracture should prompt a search for additional
fractures, especially when lacerations sustained from a large
dog are present elsewhere on the scalp or face. As would be
expected, fractures commonly occur in the “central target
area,” including nasal, zygomatic, orbital, and alveolar, but a
high number of skull fractures were also found. There should
be a low threshold for ordering CT scans with facial injuries
following a dog attack, as failure to identify fracture may
result in unnecessary disfigurement, infection, and second-
ary operations. Infants younger than 1 to 2 years with scalp
lacerations or punctures should have a very high index of
suspicion for underlying fracture. Due to young age, CT scans
may currently be underutilized and many cases are delayed
in diagnosis. Management of these injuries should include a
multidisciplinary approach and focus on repair of soft tissue
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and skeletal deformities, typically requiring washout and
debridement in the operating room. Despite the unique
cause of injury, authors favored using the traditional meth-
ods of internal reduction and rigid fixation for displaced
fractures. Patients with facial fractures may benefit from
hospital admission and intravenous antibiotics to prevent
infection, though antibiotic use is controversial and addi-
tional studies are necessary. Furthermore, follow-up is
advised to monitor for long-term complications especially
for comminuted and displaced fractures associated with
dentition or the orbit. The limitations of this study include
the small sample size and retrospective nature.
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