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Abstract

Background—~Pediatric trauma involving the bones of the face is associated with severe injury
and disability. Although much is known about the epidemiology of facial fractures in adults, little
is known about national injury patterns and outcomes in children in the US.

Study Desigh—The epidemiology of facial injuries in children and adolescents (ages 0 to 18
years) was described using the National Trauma Data Bank (2001 to 2005) to examine facial
fracture pattern, mechanism, and concomitant injury by age.

Results—A total of 12,739 (4.6%) facial fractures were identified among 277,008 pediatric
trauma patient admissions. The proportion of patients with facial fractures increased substantially
with age. The most common facial fractures were mandible (32.7%), nasal (30.2%), and
maxillary/zygoma (28.6%). The most common mechanisms of injury were motor vehicle collision
(55.1%), violence (11.8%), and falls (8.6%). These fracture patterns and mechanisms of injury
varied with age. Compared with patients without facial fractures, patients with fractures exhibited
substantial injury severity, hospital lengths of stay, ICU lengths of stay, ventilator days, and
hospital charges. In addition, patients with facial fractures had more severe associated injury to the
head and chest and considerably higher overall mortality.

Conclusions—Causes and patterns of facial fractures vary with age. Cranial and central facial
injuries are more common among toddlers and infants, and mandible injuries are more common
among adolescents. Although bony craniofacial trauma is relatively uncommon among the
pediatric population, it remains a substantial source of mortality, morbidity, and hospital resource
use. Continued efforts toward injury prevention are warranted.

Trauma is the leading cause of morbidity and mortality in children, and injury remains the
most common cause of death in children 1 year of age and older.! Approximately 8.5
million injured children are evaluated annually in emergency rooms in the US.2 Although
severe pediatric craniofacial injury is less common than in the adult population, head trauma
remains the most common cause of injury death in the pediatric age group.!
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Facial trauma is associated with the more severe injuries encountered at major trauma
centers. An estimated 11.3% of pediatric emergency room visits overall are a result of
craniofacial injuries.3 Not only are these injuries considerable management challenges to
trauma and reconstructive surgeons, the subsequent functional and esthetic impact to the
growing child and the economic and emotional burden to the patient and family can be
overwhelming.* Anatomic and developmental differences between pediatric patients and
adults alter the diagnosis and management of injury.>-10 Overall, facial bone fractures are
considerably less common in children than adults.1 This lower incidence partially reflects
the underdeveloped facial skeleton and paranasal sinuses of preadolescent children leading
to craniofacial disproportion and additional strength of the maxilla and mandible from
unerupted dentition.8:9:12.13 |n addition, concomitant intracranial and associated nonhead
trauma can accompany craniofacial trauma in children more frequently than in adults.>11

Despite the burden of injury among the pediatric population and distinct anatomic and
physiologic differences from adults, the literature demonstrates wide variability in estimates
for craniofacial trauma incidence, causes, gender distribution, facial fracture pattern, and
concomitant injury.1! In addition, these pediatric maxillofacial trauma studies are limited to
single institutional experiences, typically from small to moderately sized centers outside the
US.10:11,13-23 The purpose of this study was to examine the epidemiology of bony
craniofacial injury in children using a large multicenter, national trauma database.

After obtaining approval from the University of Washington Institutional Review Board, we
performed an analysis of craniofacial injuries in pediatric patients—defined in this study as
age 0 to 18 years—using the National Trauma Data Bank (NTDB) from 2001 to 2005
(version 6.2, copyright American College of Surgeons, 2007,
http://www.facs.org/trauma/ntdb.html). The NTDB contains data on > 2 million patients
treated as inpatients after trauma, as reported from > 600 US trauma centers. Each database
admission record contains data on patient demographics, injury mechanism, injury-site
characteristics, hospital characteristics, injuries, and hospital outcomes.

Specific craniofacial and associated injuries were identified by ICD-9 codes. Patients with
facial fractures, identified with ICD-9 codes 800.0 to 804.5, constituted the facial fracture
cohort. Operative intervention was determined using 1CD-9 procedure codes for facial
fracture fixation (ICD-9 procedure codes: 76.72 to 76.79). Analysis was performed using
Centers for Disease Control cut-offs for pediatric age subgroups (0to 1,2to 4,510 9, 10 to
14, and 15 to 18 years) modified to account for changes in developmental activity level and
maturation of the facial skeleton with increasing age.

Severity of associated injury was assessed using the 2005 version of the Abbreviated Injury
Scale (AIS).24 The AIS divides injuries into body region, type of structure, nature, and
severity. It uses nine body regions, including head, chest, abdomen, spine, neck, face, upper
and lower extremity, and skin. Severity is coded as either O (no injury), 1 (minor), 2
(moderate), 3 (serious), 4 (severe), 5 (critical), or 6 (nonsurvivable injury). For the purpose
of this study, body region—specific AIS > 3 was used as a marker of severe injury.24
Overall injury severity was assessed using the Injury Severity Score (ISS). ISS is a summary
score for traumatic injuries and is calculated as the sum of the square root of the three
highest AIS scores:

ISS = (first of three highest AIS)? + (second of three highest AIS)?2 + (third of three highest
AlS)?
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Statistical analyses were performed using Microsoft Excel (2002; Microsoft Corporation)
and SPSS for Windows (version 11.0; SPSS, Inc). Discrete variables were compared using
Fisher's exact probability test, and continuous variables were compared using unpaired two-
tailed t-test. In all cases, actual p values are reported. To characterize the patient and injury
factors related to an increased risk for facial fractures, a multivariate binary logistic
regression was conducted using the variables independently and significantly (p = 0.05)
associated with facial fractures on univariate analysis.

The records of 277,008 pediatric trauma patients (ages 0 to 18 years) were identified in the
NTDB during the study period. This pediatric cohort represents 18.9% of the total
population of almost 1.5 million injured patients. Among pediatric patients, 12,739 (4.6%)
sustained facial fractures. Pediatric patients with facial fractures were slightly older and
more likely to be male and Caucasian than patients without facial fractures (Table 1). Facial
fracture patients were more likely to suffer from blunt injury and to be injured as a result of
motor vehicle collision (MVC). Among patients involved in MVC, facial fracture patients
were less likely to be restrained than those without fractures (27.3% versus 32.3%; p <
0.001). Using binary logistic regression analysis, MVC appears to double the risk of facial
fractures compared with other mechanisms, and lack of appropriate restraints (either seat
belts or child safety seats) also increases facial fracture risk by 16%. MVCs caused 29.9% (n
= 82,685) of pediatric injuries reported in the NTDB, and only 31.9% were adequately
restrained. More than 75% of pediatric motor vehicle fatalities were unrestrained (data not
shown).

Among the overall pediatric trauma cohort (n = 277,008), the proportion of patients with
facial fractures increased steadily with age (Fig. 1), with the lowest proportion observed
among infants and toddlers (2.4%) and the highest among older teens (6.9%; p < 0.001). The
most common bones fractured were mandible (32.7%), nasal (30.2%), and maxillary/
zygoma (28.6%) (Fig. 2). Nasal and maxillary fractures were most common among infants
(ages 0 to 1 year); and mandible fractures were most common among teenagers (15 to 18
years). Among all patients with mandible fractures (n = 4,169), symphysis, angle, and body
were the most common individual fractures (Fig. 3). A total of 25% of patients suffering
facial fractures underwent operative fixation during their initial trauma hospital admission.
The proportion requiring fracture fixation appeared to increase with age, with a nadir of 11%
among toddlers ages 2 to 4 years (Fig. 4).

MVC (55.1%), assault (14.5%), and falls (8.6%) were the most common mechanisms for
facial fracture in all pediatric age groups (Fig. 5). The second most common cause of bony
facial injury varied with age. Fall was the second most common mechanism (23.4%) among
infants and toddlers (0 to 4 years). Bicycle-related collisions and pedestrians struck by motor
vehicles were the second most common mechanisms for school-aged children (5 to 14
years). For older teenagers (15 to 18 years), the second most common mechanism was a
fight or an assault (21.7%).

Patients with bony facial injuries had a mean 1SS that was almost twice that of patients
without facial fractures (Table 2). In addition, the facial fracture cohort had 3 times the ICU
length of stay (2.9 + 5.8 days versus 0.9 + 5.3; p < 0.001) and almost twice the hospital
length of stay (5.9 £ 9.6 days versus 3.4 = 7.9; p < 0.001), significantly more ventilator days
(1.8 £ 5.0 days versus 0.1 + 6.3; p < 0.001), and significantly higher hospital charges
($22,839 + $21,807 versus $11,405 + $15,523; p < 0.001). Although overall mortality was
low, facial fractures were associated with a 63% higher mortality rate (4.0% versus 2.5%; p
<0.001).

J Am Coll Surg. Author manuscript; available in PMC 2011 March 6.
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Severe associated injury among pediatric patients with facial fractures was common (Table
3). Associated facial soft tissue injuries were observed in almost half of patients (45.9%),
which was 5 times more common than in patients without facial fractures (9.9%).
Concomitant brain injury (32.3%) was twice as common among patients with facial
fractures than those without fractures. Similarly, severe organ-specific injury, defined by
AIS > 3 to the head and chest, was observed twice as frequently in facial fracture patients.
Fractures to the skull base were observed in almost a third of patients (27.3%), ninefold
higher than in children without facial fracture (3.3%). Cervical spine fracture (3.3% versus
1.3%; p < 0.001) and blunt cerebrovascular injury (1.0% versus 0.2%; p < 0.001) occurred
rarely, but their prevalence was considerably higher among facial fracture patients than
those without facial fracture.

Occurrence of concomitant injury correlated with patient age (Fig. 6). Although adolescents
and older teens had a higher incidence of any brain injury (p < 0.001), infants and toddlers
(0 to 4 years) had a significantly higher incidence of cranial vault fractures (p < 0.001) and
severe head injury (head AIS > 3; p <0.001). Cervical spine fracture overall was only
observed in 1.4%; but a peak of 1.1% was seen among infants (0 to 1 year) and among 2.6%
of older teens (15 to 18 years).

Discussion

Despite the attention facial injuries have received in the literature, the epidemiology of these
injuries is not well characterized in children. A recent review of the existing pediatric
craniofacial trauma literature demonstrates wide variation in the point estimates for injury
incidence, mechanism, pattern, and associated injury.1! In addition, the majority of clinical
series are single-center studies from institutions outside of the US and, although some
include large series of patients, these studies require an extended period of time to collect
and are often presented by only one treating discipline.11:13-15,17,19,20

In this study, we describe the epidemiology of craniofacial injury in children who were
admitted after trauma to participating institutions in the NTDB. Although facial fractures
among traumatically injured admitted pediatric patients were relatively rare (4.6%), bony
facial injuries were associated with substantial morbidity. Patients with facial fractures were
more seriously injured, with almost twice the mean ISS of patients without facial fractures.
Similarly, the facial fracture cohort had three times the ICU length of stay and almost twice
the hospital length of stay, ventilator days, and hospital charges. In addition, facial fractures
were associated with a 63% higher mortality rate. We attribute this increase in injury
severity among facial fracture patients to the concomitant high incidence of severe head
injuries.

The percentage of patients with facial fractures increased steadily with age. Similar to
previous reports, mandible fracture was the most common fracture subtype overall.
14,15,17:18:22:23 Mandible fractures occurred most frequently in adolescents and older teens
(ages 10 to 18 years) but was observed less frequently among infants and toddlers (ages 0 to
4 years). This lower prevalence of mandible fractures in the youngest age groups is likely a
result of increased relative strength of the immature mandible because of unerupted
dentition,11:25 the protective relative micrognathia in these young children, and the
difference in the mechanism of injury between age groups. Backseat MV C and falls are the
most common mechanisms of injury in the pretoddler ages, both of which would predispose
more to central face blunt injury than peripheral mandible injury. This was seen with the
relative increase in nasal and maxillary fractures in this age group compared with mandible
fractures. Finally, when compared with adolescents, younger children have a more
prominent frontal projection of the cranium. Consequently, young children have a greater
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chance of sustaining skull fractures from frontal impact mechanisms, and older teens, with
cranial-to-facial proportions that approximate adults, have a higher probability of facial bone
fracture. Our data demonstrate this trend, with a steady decline in cranial vault fractures with
advancing age (Fig. 6).

Compared with previous reports, only 25.1% of pediatric patients admitted after facial
fractures underwent operative fixation. Operative fixation during initial hospital admission
seemed to increase with age, with the oldest pediatric age subgroup, ages 14 to 18 years old,
being most commonly treated with operative fixation (30.3%). This difference in age-related
operative fixation of fractures might reflect differences in displacement of fractures because
of higher-velocity trauma in older children, increased indications for nonoperative treatment
in young children because of their augmented healing and remodeling capacity, or the
perception that operative treatment in the immature skeleton can impair future growth. Of
note, the NTDB contains only data about the management of patients during their initial
hospitalization after injury. It does not track patients if they are discharged and subsequently
return for later operative fixation of their fractures. Patients who underwent operative
treatment were more likely to have severe enough facial injuries to require treatment before
discharge or were hospitalized for associated injuries long enough that discharge followed
by elective fracture treatment did not occur.

As expected, MVC was the most common cause of facial fractures across the pediatric
group. We found that MVC doubles one's risk for facial fractures compared with other
mechanisms, and lack of appropriate restraints (either seat belts or child safety seats) also
increases facial fracture risk by 16% (data not shown). MV Cs caused 29.9% (n = 82,685) of
pediatric injuries reported in the NTDB, and only 31.9% of these injured children were
adequately restrained. More than 75% of pediatric motor vehicle fatalities were unrestrained
(data not shown). These results are consistent with data from the National Highway Traffic
Safety Administration in which nearly half of all children killed in MVCs in 2005 were
unrestrained; child safety seats reduce the risk of death in passenger cars by 71% for infants
and by 54% for toddlers ages 1 to 4 years.26-28 For these reasons, the National Highway
Traffic Safety Administration recommends child safety seats for all children younger than 8
years old or < 57 inches tall.26 Our data, demonstrating the high proportion of severe
concomitant injury, illustrate the importance of proper restraint use and future research into
accident prevention (Table 3).

The second most common causes of facial fractures parallels developmental milestones,
with falls and pedestrians struck by motor vehicles predominant in young children, bicycle-
related crashes in school-aged children, and injuries as a result of violence were most
common among older teens (Fig. 5). Sports-related mechanisms were relatively rare (2.9%
of all facial fractures). This is likely because the NTDB includes only those patients
admitted after trauma; those patients assessed in an ambulatory setting and treated electively
are not included in this data set.

This is the first study to present national trends in pediatric facial fracture subtypes,
mechanism, fracture treatment, hospital outcomes, and associated injuries. We used the
NTDB to analyze injury patterns in this subgroup of trauma patients. Despite the large
population of trauma patients in the NTDB, there are several limitations to its use. The
NTDB is a compilation of data that is submitted voluntarily from a disproportionate number
of larger hospitals with younger and more severely injured patients, and it is not a
population-based sample of hospitalized patients. Patients not admitted to the hospital after
trauma will not be included in the NTDB, including injury victims who die before transport
to the hospitals and patients who are evaluated and managed as outpatients. The earlier two
issues would bias our study population to reflect more severely injured patients and fail to

J Am Coll Surg. Author manuscript; available in PMC 2011 March 6.
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account for those facial fractures managed as outpatients. Results of this study are applicable
to a pediatric patient admitted to the hospital in the US after trauma and are not meant to
represent all pediatric facial injuries in the population.

Fracture subtypes and associated injuries were broadly identified by ICD-9 codes. Our
diagnosis of specific fractures was dependent on inclusion of ICD-9 codes by coders at each
trauma center that submits information. This method does not allow characterization of
detailed fracture anatomy with the level of resolution crucial to surgeons who treat
craniofacial injuries. For example, there are no ICD-9 codes for frontal sinus fractures, Le
Fort fractures, or naso-orbital-ethmoid complex fractures, which are accompanied with
specific operative and management challenges. In addition, little information could be
gleaned about complications of fracture management in this data set. Comorbidities are not
reported in the NTDB; but we would expect substantial concomitant disease to be rare in the
traumatically injured child.

One of the benefits of using the NTDB for examining pediatric craniofacial injuries was the
inclusion of a large number of patients in a relatively short study period of 5 years. The
shorter study duration allows more accurate conclusions to be made about injury incidence
and mechanism, because changes in risk profile or safety regulations for various age
subgroups are unlikely to occur during the study period (eg, institution of laws requiring
child safety car seats or bicycle helmets). Because of the selection criteria of the NTDB,
results of this study are applicable to the subgroup of patients with severe enough facial or
associated injuries to require hospital admission during their initial trauma evaluation. This
group represents those pediatric facial trauma patients who currently use the most healthcare
resources and represent the highest health burden on the population in the US.

Trauma is a leading cause of injury and death among the pediatric population. Despite the
fact that facial fractures are relatively rare among this population, they are associated with
increased mortality, morbidity, and hospital charges. Clinicians must remain vigilant to
associated severe injuries, particularly to the head and chest, that accompany bony facial
injury. There is a pattern of facial fractures by age that is influenced by trends in mechanism
of injury and facial development. Cranial and central facial injuries are more common in
toddlers and infants, and mandible injuries are more common in adolescents and beyond.
Although a large proportion of patients with facial fractures involved in MV Cs were
restrained, severe associated injury is not uncommon, illustrating the importance of proper
restraint use and future research into accident prevention.
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Abbreviated Injury Scale
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motor vehicle collision

National Trauma Data Bank

J Am Coll Surg. Author manuscript; available in PMC 2011 March 6.

Page 8



duasnuely Joyiny vVd-HIN 1duosnuey JoyIny vd-HIN

duasnuely Joyiny vd-HIN

Imahara et al. Page 9

Percent of Patients
(%]
L

0 1 T T T 1 I/
0-1 2-4 5-9 10-14 15-18 Overall

(722) (858) (1815) (2588) (6756) (12739)
Age subgroups (y)

Figure 1.

The percentage of all pediatric patients admitted after trauma (n = 277,008) with facial
fractures by age group. Total number of patients in each age subgroup is reported in
parentheses.
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Figure 2.
Fracture type among all pediatric facial fractures (n = 12,739) by percentage of age group.
Diagnosis of facial fracture subgroup made by ICD-9 classification.
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Figure 3.
Fracture location among 4,169 pediatric patients with mandible fractures (ages 0 to 18
years).
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Figure 4.

Percentage of pediatric facial fracture patients (n = 12,739) who underwent operative
treatment during their initial hospital admission, by age group. Percent values in each age
group are depicted.
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Figure 5.
Mechanism of injury of pediatric patients with facial fractures (n = 12,739) by percentage of
age group. MVC, motor vehicle collision.
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Associated injuries among 12,739 pediatric patients with facial fractures by percentage of

age group. AlS, Abbreviated Injury Scale.
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Characteristics of Patients With and Without Facial Fractures among 277,008 Pediatric

Trauma Patients

Characteristic Facial fractures  No facial fractures p Value
n 12,739 264,269
Age (y), mean = SD 126+55 10.2+6.0 <0.001
Male (%) 68.6 65.7 <0.001
Caucasian (%) 62.2 59.1 <0.001
Blunt (%) 95.0 848  <0.001
Mechanism (%) <0.001

MVvC 55.1 35.4

Fight/assault 11.8 35

Fall 8.6 26.1

Pedestrian 7.5 7.7

Bicycle 7.2 6.6

Weapon 2.7 35

Bite 15 15

MVC restrained 273 322 <0.001
Region (%) <0.001

South 30.9 37.2

Midwest 27.1 29.1

West 18.9 16.5

Northeast 7.0 7.1

Not reported 16.1 10.1

MVC, motor vehicle collision.
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Table 2
Injury Severity and Hospital Outcomes among 277,008 Pediatric Trauma Patients With
and Without Facial Fractures

Variable Facial fractures  No facial fractures p Value
n 12,739 264,269

ISS 146+118 79+9.1 <0.001
Admitted to the ICU (%) 32.0 179 <0.001
Hospital LOS (d) 59+96 34479 <0.001
ICU LOS (d) 29+58 09+53 <0.001
Ventilator days 1.8+5.0 0.1+6.3 <0.001
Hospital charges ($) 22,839 + 21,807 11,405+ 15,523 < 0.001
Mortality (%) 4.0 25 <0.001

Continuous variables are presented as mean + SD.

ISS, Injury Severity Score; LOS, length of stay.
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Associated Injuries Observed among 277,008 Pediatric Trauma Patients With and
Without Facial Fractures

Table 3

Variable Facial fractures  No facial fractures p Value
n 12,739 264,269

Head AIS > 3 20.9 9.2 <0.001
Chest AIS >3 8.9 48 <0.001
LEAIS >3 5.4 6.4 <0.001
Face AIS >3 49 02 <0.001
Abd AIS > 3 24 2.8 0.220
UEAIS>3 1.9 3.7 <0.001
Neck AIS >3 0.3 0.1 <0.001
Spine AIS > 3 0.1 1.0 0.630
Facial soft tissue injury 45.9 99 <0.001
Brain injury 323 170 <0.001
Skull base fracture 21.7 33 <0.001
Cranial vault fracture 13.1 34 <0.001
Ocular injury 7.2 09 <0.001
Cervical fracture 3.3 13 <0.001
Open globe injury 17 04 <0.001
Injury to blood vessels of H&N 1.0 0.2 <0.001

Values are percentages, except n.

Abd, abdomen; AIS, Abbreviated Injury Scale; H&N, head and neck; LE, lower extremity; UE, upper extremity.
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