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           Introduction 

 The treatment of pediatric facial fractures can be challeng-
ing, stimulating, and occasionally frustrating, especially for 
those practitioners who only rarely manage these injuries. 
Diffi culties arise from the fact that unlike their adult counter-
parts, no standardized protocols exist for the management of 
pediatric facial fractures; there are only broad guidelines and 
rare case reports. When evaluating a pediatric facial trauma 
patient, it should be remembered that the same fracture pat-
tern will rarely be seen in a 5-month-old, a 5-year-old, and a 
15-year-old due to the inherent differences in craniofacial 
anatomy, craniofacial proportions, and mechanism of injury. 
Even if a similar fracture pattern were observed, the treat-
ment for patients of different ages would vary. The differ-
ences in craniofacial anatomy, patterns of injury, and capacity 
for remodeling and future growth must all be considered 
when determining a specifi c treatment option. It is para-
mount to remember that the pediatric patient is not just a 
small adult. Even with similarly aged patients and fracture 
patterns, the treatment plan must take into account patient 
and parent compliance and stage of dentition in that  particular 
child.  

    Demographics 

 Pediatric facial fractures are an uncommon entity, compris-
ing less than 15 % of all facial fractures. Many studies of 
pediatric craniofacial injuries have had a signifi cant bias as 
they were based on inpatient admissions, separated by treat-
ing specialty, or restricted to patients undergoing operative 
intervention. In the authors’ series, comprised of all pediatric 
emergency room visits to a Level 1 pediatric hospital over 
a 5-year period, a more complete picture of the incidence 
and demographics of pediatric facial fractures was obtained. 
In general, these patients were more likely to be older and 
male (see Fig.  23.1 ). Fracture pattern, causation, and level of 
care varied with age, with a general evolution of injury pat-
tern from cranial to caudal (see Fig.  23.2 ). As age increased, 
injuries were more often the result of adult behaviors that 
occurred outside of the home, whereas younger children 
were more often injured as the result of falls and motor vehi-
cle accidents (see Fig.  23.3 ).

     Although pediatric facial fractures are a rare cause 
of pediatric trauma presentations (less than 10 %), these 
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  Fig. 23.1    Age and gender distribution of pediatric facial fractures       
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patients tend to have higher injury severity scores, prolonged 
hospitalizations, and more signifi cant morbidity and mortal-
ity. These fi ndings are likely due to the high energy required 
to overcome the resilience of the pediatric craniofacial skel-
eton, and it follows that the most common cause of injury in 
these patients is motor vehicle accidents. Pediatric trauma 
patients, especially the youngest children, are more likely 
to require admission to the intensive care unit. Pediatric 
patients with facial fractures have serious associated trauma 
in 25–75 % of cases. Brain injury is twice as common in 
patients with facial fractures as in those without facial frac-
tures. In the authors’ series, nearly half of the patients had an 
associated neurologic injury and 48.6 % suffered a concus-
sion in keeping with the reported literature (see Fig.  23.4 ). 
These children require a high index of suspicion for an 

 associated neurologic injury; if a concussion is diagnosed, 
they require rest and serial testing to chart resolution and pre-
vent long-term impairment. Unlike their adult counterparts, 
pediatric facial trauma patients are unlikely to suffer cervical 
spine injuries. In the authors’ series, only 2.3 % of patients 
had an associated cervical spine injury. The most common 
related facial fracture was an orbital fracture, and all of the 
patients who had a cervical spine injury were either involved 
in a motor vehicle collision or a fall.

   The incidence of facial fractures increases with age, with 
the mean age in the author’s series being 10.7 years. The 
greater likelihood of an older child to suffer a facial fracture 
is due to both the changing anatomy of the child’s craniofa-
cial anatomy and the changing environment of the growing 
child. Small children are more likely to spend the majority of 
their life in a closely supervised situation, while the teenaged 
child spends more time unsupervised and partakes in more 
adult behaviors, such as sports and recreational activities that 
put them at risk for injury. This pattern was seen in the 
authors’ series as the cause of injury changed from predomi-
nantly falls and motor vehicle accidents in the young child to 
violence, sports, and use of all-terrain vehicles in the older 
children (see Fig.  23.5 ). In general, motor vehicle collisions 
are the most common cause of facial fracture in children 
across all age groups, and children who are improperly 
restrained are more likely to suffer facial fractures. Older 
male patients from lower socioeconomic areas were more 
likely to have suffered a facial fracture as the result of vio-
lence (see Fig.  23.6 ). Non-accidental trauma is a not uncom-
mon cause of pediatric facial trauma, with an incidence from 
4 to 12 % in the literature.
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  Fig. 23.2    Percent fracture distribution by age       
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       Anatomic Considerations 

 The relatively low incidence of facial fractures observed in 
the pediatric population is due to both environmental and 
anatomic factors. The pediatric craniofacial skeleton is 
unique from the adult craniofacial skeleton in several impor-
tant facets that impact the patterns of fractures observed as 
well as the management employed. The infant has a large 
cranium-to-face ratio, 8:1, at birth that decreases to 4:1 by 5 
years of age and progresses to 2.5:1 by adulthood. The 

growth of the cranium is 75 % complete by age 7 and 95 % 
complete by age 10. The upper face grows secondary to brain 
and ocular development and orbital growth is completed by 
6–8 years of age. Midface growth follows the development 
of the nasal capsule and dentition. The palate and maxilla are 
two-thirds of adult size at age 6 and are largely fully grown 
by age 12–14, as is nasal growth. The sinuses of the infant 
are largely undeveloped and poorly pneumatized. The sphe-
noid sinus begins to develop at age 2 and matures through 
adulthood. The maxillary sinus develops in parallel with 
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dental eruption, and the frontal sinus does not develop until 
full facial skeletal maturity is reached. The ethmoid sinus is 
the fi rst to fully develop and is completed by age 12. The 
infant mandible is joined in the midline by a cartilaginous 
symphysis, which ossifi es in the fi rst year of life. Unerupted 
tooth buds form the majority of mandibular volume in early 
childhood. As the teeth erupt, cortical bone becomes the pri-
mary component of the mandible as full growth is achieved. 
The condyles are a major growth center of the mandible, and 
development of the mandible is the result of addition of bone 
at these centers as well as along the posterior border of the 
ramus. In addition, the overall increase in size of the mandi-
ble is the result of surface apposition; the mandible is con-
tinuously undergoing changes related to remodeling until 
growth is complete. In females, adult mandibular size is 
achieved by age 14–16 and in males by 18–20.  

    Injury Patterns 

 Pediatric facial fractures differ from adult facial fractures in 
incidence, related injuries, and injury patterns. The unique 
aspects of the pediatric craniofacial skeleton can explain 
these observed relationships. The pediatric craniofacial skel-
eton not only differs in the relative proportion of the face to 
cranium but also in the amount of sinus aeration, buccomax-
illary fat pad volume, and cancellous-to-cortical bone ratio. 
The decreased bone mineral content of the pediatric cranio-
facial skeleton results in increased tolerance to force without 
fracture; fractures that do occur are more likely to be unicor-
tical, or greenstick, fractures. Although mandible fractures 
are widely reported as the most common pediatric facial 
fractures, cited as anywhere from 20 to 50 % of all pediatric 
facial fractures, several series have reported that children 
younger than 5 years of age are more likely to sustain  cranial, 

orbital, and nasal fractures. In one series, cranial vault frac-
tures comprised 54 % of all craniofacial fractures with the 
highest incidence observed in the youngest patients. In fact, 
in the authors’ series, orbital fracture was the most common 
fracture observed across all age groups. In children under 6 
years of age, cranial and orbital fractures were the most 
common, followed by mandibular, nasal, and maxillary frac-
tures. Zygomaticomaxillary (ZMC) and nasoorbitoethmoid 
(NOE) fractures were rare. In children aged 6–11, orbital 
fractures were again the most common, followed by nasal, 
mandibular, skull, and maxillary fractures. Again, ZMC and 
NOE fractures were rare but more frequent with age. In the 
oldest group, aged 12–18, orbital fractures were the most 
common, followed by nasal, mandibular, maxillary, and 
skull fractures. Again, ZMC and NOE fractures were 
uncommon but more likely in this age group than in either of 
the two younger age groups (see Fig.  23.2 ). Mandible frac-
tures demonstrate an age-related distribution; condylar head 
and subcondylar fractures are the most common (48 %) but 
decrease with age, while body and angle fractures increase. 

 Lack of mineralization, increased cancellous-to-cortical 
bone ratio, incomplete development of sinuses, and dental 
eruption all lead to different patterns of fracture in the pedi-
atric craniofacial skeleton. Le Fort fracture patterns are rarely 
observed in the skeletally immature child and, in one series, 
only seen after 10 years of age. Until 10 years of age, the lack 
of an aerated maxillary sinus allows forces to be transmitted 
directly to the alveolus, resulting in alveolar fractures rather 
than Le Fort I fractures in this age group. Unilateral NOE 
fractures occur rather than the Le Fort II fractures observed 
in the mature craniofacial skeleton; oblique craniofacial frac-
tures are the pediatric equivalent of Le Fort III fractures. 
Oblique craniofacial fractures are observed in the pediatric 
population as the non-aerated sinuses allow forces to be 
transmitted easily from the site of impact to the cranium and 
skull base (see Figs.  23.7  and  23.8 ).

    Another entity to be aware of in the care and treatment of 
the pediatric patient is the growing skull fracture. Orbital- 
cranial fractures can develop into growing skull fractures as 
the brain pulsations are transmitted through dural disruptions 
and impede healing, leading to a growing bony diastasis. 
These lesions have been documented in 0.6–2 % of pediatric 
skull fractures. Children at risk for developing these lesions 
must be followed long term with a high index of suspicion 
and a low threshold for repeat imaging to demonstrate com-
plete bony healing (see Figs.  23.9 ,  23.10 ,  23.11 , and  23.12 ).

          Evaluation 

 A systematic approach to the evaluation of facial injuries 
cannot be overemphasized in the pediatric population. 
Examining an uncooperative child is diffi cult in itself; if a 
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systematic examination is not undertaken, important fi ndings 
may be missed. A maxillofacial CT scan with fi ne cuts and 
3D reconstructions is invaluable in the full evaluation of a 
pediatric patient with a suspected facial fracture. Depending 
upon the fracture pattern present, the examiner should have a 
low threshold to involve their neurosurgery, ophthalmology, 
and dental colleagues. 

 Superior orbital fi ssure syndrome (internal and external 
ophthalmoplegia (CN II, IV, VI paralysis), proptosis, and 
CN V paresthesia) and orbital apex syndrome (superior 
orbital fi ssure syndrome with blindness secondary to CN 

  Fig. 23.7    3D CT demonstrating oblique craniofacial fracture pattern 
( red hashed box )       

  Fig. 23.8    Coronal CT demonstrating oblique craniofacial fracture pat-
tern ( red hashed box )       

  Fig. 23.9    Clinical appearance of growing skull fracture; note left 
supraorbital fullness       
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  Fig. 23.10    Coronal    CT corresponding to clinical photo in Fig.  23.9 . The yellow circle indicates the growing skull fracture       

  Fig. 23.11    Intraoperative photo of the patient in Figs.  23.9  and  23.10  demonstrating the defect ( left ) and reconstruction ( right )       
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II  involvement) must be emergently addressed. Periorbital 
ecchymosis, hemotympanum, and cranial nerve palsy may 
indicate a skull base fracture. Ptosis may be secondary to 
levator paralysis. Exophthalmos and inferior globe displace-
ment point to an orbital roof fracture. Extraocular muscle 
restriction or globe displacement will cause diplopia. Forced 
ductions should be performed on the obtunded patient to rule 
out muscle entrapment. Limitations of gaze, with relatively 
minimal associated fi ndings, may represent entrapment in 
the “white- eyed blowout fracture.” A bowstring test (palpa-
tion of the bony medial canthal attachment with distraction 
on the lower eyelid) should be performed to assess the integ-
rity of the medial canthal tendon in NOE fractures. 

 Maxillary mobility and malocclusion may indicate a 
midface fracture just as in an adult patient, but it should 
be remembered that true Le Fort fractures are rare and the 
younger patient is much more likely to have sustained an 
alveolar fracture. ZMC fractures can be indicated by an 
upper buccal sulcus hematoma, a preauricular depression, 
cheek fl attening, or lateral canthal dystopia. Impingement 
of a depressed zygomatic arch on the coronoid will give 
the patient trismus. Nasal fractures in children are not 

 uncommon and can be associated with nasal deviation, 
compressibility of the dorsum, as well as septal hematoma, 
which must be ruled out. 

 Evaluation of the occlusion in a pediatric patient can be 
diffi cult, especially in mixed dentition. Attention must be 
paid to the wear facets; preinjury dental records and parent 
input can be helpful as well. Physical exam fi ndings con-
sistent with a mandible fracture include drooling, trismus, 
decreased maximal incisive opening, discomfort on excur-
sion, and dental step-offs. Evidence of an anterior open bite 
is indicative of bilateral condylar fractures. A unilateral con-
dylar fracture will result in a contralateral posterior open 
bite.  

    Indications for Treatment 

 In regard to operative intervention for pediatric facial frac-
tures, the decision to intervene is essentially a judgment call 
with the practitioner weighing the benefi ts of precise reduc-
tion and fi xation against the risk of future growth distur-
bance. It is the senior author’s opinion that the younger the 

  Fig. 23.12    3D CT demonstrating the growing skull fracture pictured in Figs.  23.9 ,  23.10 , and  23.11  before ( left ) and after ( right ) reconstruction       
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patient, the higher the threshold should be for operative 
intervention. The literature reports rates from 25 to 78 % 
operative intervention for pediatric facial fractures. In the 
authors’ series, 36 % of all patients went on to undergo oper-
ative intervention (see Fig.  23.13 ). Older children, and those 
with multiple facial fractures, were more likely to undergo 
surgery, a fi nding consistent with the published literature. 
When the decision is made for operative intervention, sur-
gery should be performed in a more acute fashion than in the 
adult population as long as the degree of swelling is not pro-
hibitive and the overall patient’s status allows. Converse 
advocated for prompt repair in the 1960s, and others note the 
propensity of the pediatric patient for rapid adherence of 
loose fragments within 3–4 days of injury. When operative 
intervention is undertaken, periosteal stripping should be 
minimized in order to have minimal impact on growth and 
development in keeping with Moss and Salentijn’s “func-
tional matrix” principle. While the care of pediatric facial 
fractures can be considered “treating a moving target,” the 
following is a fracture-specifi c discussion of anatomic and 
developmental factors to guide the clinician in making 
informed decisions on a patient-by-patient basis.

       Cranial Base and Skull Fractures 

 Indications for operative intervention for cranial base and 
skull fractures include a cerebrospinal fl uid (CSF) leak that 
persists despite conservative management, signifi cant dis-
placement, deformation of facial contour, and growing skull 
fractures. The goals of cranial base and skull fracture repair 
include protection of the cranial contents, dural reconstruc-
tion, control of CSF leaks, prevention of infection, and resto-
ration of craniofacial contour. In older patients with a 
developed frontal sinus, Rodriguez et al. have presented an 
algorithmic approach. With obstruction of the nasofrontal 
duct, obliteration or cranialization of the frontal sinus is indi-
cated. Cranialization allows for single-stage elimination of 
the sinus as a potential site of infection. With a traumatized 
but patent duct, nondisplaced fractures of the anterior and 

posterior tables can be managed conservatively with close 
follow-up. Signifi cantly displaced isolated anterior table 
fractures, with resulting contour deformities, can be recon-
structed. However, in the child with an immature and under-
developed frontal sinus, self-correction, with continued 
growth and development of the sinus, may correct contour 
deformities. The authors have reported a particularly 
 illustrative case involving an 11-year-old struck in the fore-
head with a hockey stick. CT scan demonstrated a commi-
nuted, depressed fracture through the left superior orbital rim 
extending cephalad through the anterior wall of the frontal 
sinus, as well as caudally into the ethmoids. No radiographic 
evidence of injury to the nasofrontal duct or extension of the 
fracture through the posterior table of the frontal sinus was 
present. Although there was palpable irregularity of the fore-
head on exam, no visible deformity was present. Therefore, 
the fracture was managed conservatively with close radio-
graphic follow-up to ensure maintenance of a “safe sinus” 
where mucus from the frontal sinus would be able to drain 
into the nose. A repeat CT scan 6 weeks post-trauma demon-
strated signifi cant fracture healing and sinus remodeling. On 
a 1 year follow-up scan, the frontal sinus had completely 
remodeled with normal aeration, and there was in fact no 
evidence of prior fracture. 

 Alternatively, if a CSF leak is present, this fi nding will 
direct management. Observation and strict bed rest, with or 
without lumbar drain, may be pursued for 4–7 days. If the 
leak is persistent after this course, cranialization may be per-
formed. If the leak resolves with conservative management 
and the nasofrontal duct is not obstructed, the sinus can be 
preserved. However, if the leak resolves but the duct is 
obstructed, then the sinus may be treated with “partial oblit-
eration” (obliteration of the ducts and base of the sinus) and 
complete removal of the sinus mucosa. 

 Bone loss is a diffi cult problem in those patients too old to 
heal large calvarial defects spontaneously and too young to 
yield high-quality split calvarial grafts. Autogenous bone 
grafts are associated with potential donor site morbidity 
including pain, hemorrhage, nerve injury, and infection in up 
to 8 % of patients. Artifi cial bone substitutes are not biocom-
patible and are susceptible to infection. For these reasons, in 
donor sites of the calvarium, the authors prefer a bilaminate 
construct composed of intra- and extracranially placed biore-
sorbable mesh with interposed demineralized bone matrix 
mixed with the patient’s own bone shavings harvested with a 
Hudson brace (Medicon, Germany) from the inner cortex of 
the graft.  

    Orbital Fractures 

 In the management of adult patients with orbital fractures, 
there exist relatively succinct criteria for operative interven-
tion (fracture area greater than 1 cm 2  or involvement of more 
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than 50 % of an orbital wall). Other indications include 
immediate enophthalmos, vertical ocular dystopia (VOD), 
superior orbital fi ssure syndrome, and frontal-temporal- 
orbital fractures with resulting exophthalmos. In the pediat-
ric population, these indications are less straightforward. 
The more robust orbital periosteum and supporting liga-
ments in the pediatric orbit are believed to make enophthal-
mos and VOD less likely. These sturdier supporting structures 
may make open reduction and internal fi xation (ORIF) less 
necessary. The authors evaluated operative necessity in a 
three-group orbital fracture classifi cation system ( n  = 81): 
type 1, pure orbital fractures; type 2, craniofacial fractures 
(oblique fractures extending from the skull into the orbital 
roof); and type 3, orbital fractures associated with classically 
described patterns (blowout, ZMC, NOE). On retrospective 
analysis, type 1 fractures were treated nonoperatively (88 %) 
unless there was acute enophthalmos, VOD, or muscle 
entrapment. Type 2 fractures were managed conservatively 
with serial scans until an absolute operative indication devel-
oped; 17 % were ultimately treated operatively. Type 3 frac-
tures were more likely to undergo operative intervention 
(72 %). Overall, 23 of 81 (28.3 %) of orbital fractures under-
went operative intervention. Based on this data, the authors 
recommend that all isolated (type 1) pediatric orbital frac-
tures be treated conservatively, despite the fi ndings on CT 
scan, unless there are clinical indications for perusing an 
operative approach, such as acute enophthalmos, acute VOD, 
or muscle entrapment. 

 For those fractures requiring operative intervention, either 
to restore globe position, to correct diplopia, or to relieve an 
entrapment, the transconjunctival approach is preferred due 
to a generally perceived lower risk for ectropion. A transcar-
uncular approach to the medial wall can be used as well. All 
tissues are cleared from the fracture site, and care is taken so 
that the entire circumference of the defect is visualized. In 
the case of a “trap-door” fracture with entrapment of the 
muscle and/or periorbita, the fracture fragment may require 
further displacement into the maxillary sinus in order to fully 
mobilize all soft tissues back into the orbit. The residual 
defect is repaired with resorbable mesh or split calvarial 
graft depending on the surgeon’s preference.  

    Nasal Fractures 

 Nasal fractures, with associated septal hematomas, warrant 
immediate intervention. Closed reduction of nasal fractures 
often fails to completely correct the deformity secondary to 
inadequate release; however, aggressive open treatment in 
children has the potential to affect facial and nasal growth 
adversely. Hence, the authors recommend that, for all chil-
dren presenting with a nasal fracture resulting in an obvious 
deformity, a closed reduction be offered, with the intention 
of at least improving the deformity. Patients and families 

should be informed that the option of pursuing defi nitive 
open management at skeletal maturity to address any resid-
ual deformity or airway obstruction is a possibility. The 
maneuvers for closed reduction in children are similar to 
those in adults: an elevator or knife handle may be passed 
endonasally to outfracture depressed nasal bones, or digital 
manipulation can be utilized to infracture laterally displaced 
nasal bones. The septum can be reduced/relocated with Asch 
forceps. If necessary, internal splints are used in addition to 
external splints. Septal hematomas, if present, should be 
addressed with incision, drainage, and then elimination of 
the dead space with either quilting sutures or internal splints. 

 NOE fractures are uncommon in the pediatric patient but 
become more common with advancing age. The age-specifi c 
norms for intercanthal distance must be kept in mind when 
evaluating and treating these patients: newborn = 10–15 mm, 
2-year-old = 20 mm, 12-year-old = 25 mm, and adult = 35 mm. 
Several classifi cation schemes for NOE fractures have been 
used; however, the one developed by Markowitz et al. is 
probably the most widely employed as it defi nes pathology 
as well as treatment plan. This classifi cation system is more 
relevant to the adult craniofacial skeleton and does not take 
into account the higher likelihood of pediatric NOE fractures 
to be associated with skull base fractures. A separate classifi -
cation system, developed by Burstein et al., incorporates 
these differences and can be useful to the pediatric maxillo-
facial surgeon. The literature is sparse in regard to treatment 
and long-term follow-up of pediatric NOE fractures. One 
review of 20 patients who had midface fractures with an 
NOE component found a rate of 40 % requiring revisional 
surgery, with younger children being more likely to require 
additional procedures when compared with older children.  

    Midface Fractures 

 Nonoperative management is advocated for minimally dis-
placed or greenstick midface fractures, particularly in the 
younger child. Dentoalveolar fractures are typically non-
operative and treated with splinting by the pediatric den-
tists. Palatal fractures may require ORIF or splinting with 
mandibulomaxillary fi xation (MMF). The pediatric patient 
in primary or mixed dentition presents a challenge to the 
operating surgeon to achieve appropriate MMF; classically, 
circummandibular wiring and piriform suspension wiring 
have been very useful options (see Fig.  23.14 ). The authors 
have found, however, that − despite dogma advising against 
the use of arch bars in mixed and primary dentition for fear 
of disrupting the development of permanent dentition − arch 
bars in this population are quite effi cacious and benign. 
Specifi cally, in 21 such patients with 34 fractures, no adverse 
effects on permanent dentition were seen after rigorous den-
tal and radiographic assessment. Regardless of the method 
of MMF employed, the younger the patient, the shorter the 
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course of MMF required; some authors advocate 1 week or 
less, followed by dental elastics. The unerupted tooth buds 
must always be kept in mind when performing ORIF in these 
young patients.

   The goals in operative treatment of zygomaticomaxillary 
complex (ZMC) fractures include correction of VOD or 
enophthalmos, restoration of occlusion, and preservation of 
facial appearance. Flattening of the malar eminence can 
occur secondary to a ZMC fracture, as well as inferior dis-
placement of the lateral canthal tendon due to its attachment 
to Whitnall’s tubercle. This constellation can cause signifi -
cant cosmetic deformity if left untreated or if treated inade-
quately. The zygoma can be approached via an upper buccal 
sulcus and eyelid incision; isolated arch fractures may be 
approached with a Gillies incision. The zygomaticofrontal 
(ZF) suture can be accessed through a subciliary incision and 
a subconjunctival incision with a lateral cantholysis or 
through the lateral portion of an upper lid blepharoplasty 
incision. Adequate reduction at the lateral wall of the orbit, 
or the greater wing of the sphenoid, is essential to proper 
reconstruction. Reduction must also be achieved at the ZF 
suture, the inferior orbital rim, and the zygomaticomaxillary 
(ZM) buttress. The surgeon must ascertain that orbital vol-
ume is not altered by the reduction, and reconstruction of the 
orbital fl oor may be required.  

    Mandible Fractures 

 The pediatric mandible fracture may represent the most chal-
lenging pediatric facial fracture to treat. In an attempt to direct 
therapy, the authors have organized the treatment of pediat-
ric mandible fractures into 4 levels of intervention as follows 

(see Table  23.1 ).  Level 1 :  conservative management such as 
soft diet to avoid fracture displacement ,  rest ,  and physical 
therapy . Level 1 management is indicated for mandibular 
fractures that are isolated and minimally displaced and that 
do not disrupt occlusion or mandibular function such as a 
nondisplaced and nonmobile parasymphyseal fractures (see 
Fig.  23.15 ).  Level 2 :  nonsurgical stabilization with a C - collar 
or ACE wrap . Level 2 management is employed when a short 
course of immobilization is desired (condylar head or neck 
fractures) or when some degree of mobility is appreciated in 
a displaced fracture that does not signifi cantly disrupt occlu-
sion or mandibular function (e.g., isolated parasymphyseal 
fractures). Nonoperative stabilization is appropriate even for 
the multiply fractured mandible if stability can be maintained 
with ACE wrap or C-collar and occlusion is preserved.  Level 
3 :  operative CREF with arch bars and elastics or MMF . 
Level 3 management is indicated if fracture displacement or 
signifi cant mobility interferes with occlusion or mandibu-
lar function such as a signifi cantly displaced condylar neck 
fracture affecting occlusion.  Level 4 :  ORIF  ±  arch bars and 
elastics or MMF . Level 4 management is performed most 
frequently for displaced mobile fractures of the non-condylar 
region that affect function or occlusion. Level 4 management 
is also indicated for the common presentation of a condylar 
head/neck fracture treated best with physical therapy, com-
bined with a parasymphyseal fracture requiring rigid fi xation.

    The pediatric condyle warrants special mention as it is an 
important growth center of the mandible, sensitive to disrup-
tions in blood supply which can result in ankylosis and 
altered development. Pure intracapsular injuries should be 
provided Level 1 conservative management to minimize 
growth disturbance and TMJ ankylosis. Some advocate for 
more aggressive treatment of dislocated condylar neck frac-
tures in older patients as the condyles are less likely to 
 regenerate in children over 7 years of age. These injuries, in 
very rare circumstances, may progress to require osteotomy 
and cartilage grafting for TMJ function and restoration of 
occlusion. In patients with unilateral condylar neck fractures 
affecting occlusion, Level 3 treatment with arch bars and 
contralateral elastics is preferable (see Figs.  23.16 ,  23.17 , 
and  23.18 ). The elastics can overcome the patient’s trismus 
and close the open bite while allowing early motion in order 
to avoid ankylosis. During healing, the occlusion can be 

  Fig. 23.14    Circummandibular wiring and piriform suspension wiring       

   Table 23.1    Treatment classifi cation   

 Treatment level  Description    

  Non-operative  
 Level 1  Physical therapy and/or mandible rest 
 Level 2  External stabilization (C-collar or ACE wrap) 
  Operative  
 Level 3  CREF ± MMF 
 Level 4  ORIF ± MMF 
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 fi ne- tuned by adjusting the vector of the elastics. In the case 
of bilateral condylar neck fractures, particularly in the older 
child with a resultant anterior open bite, Level 4 manage-
ment with ORIF of one side, along with a short course of 
intermaxillary fi xation, is reasonable. The alternative 

approach in the immature skeleton would be to perform 
Level 3 management with IMF, with the understanding that 
elective orthognathic surgery may be required secondarily if 
an anterior open bite results. A condylar head fracture, in the 
presence of another mandible fracture, is an indication for 
Level 4 management with ORIF of the non-condylar frac-
ture, along with elastic therapy allowing for early TMJ range 
of motion. Further indications for open treatment include a 
foreign body in the TMJ, inability to normalize occlusion 
with closed management, and displacement of a condyle into 
the middle cranial fossa. Open treatment should be avoided 
in intracapsular fractures, high condylar neck fractures, cor-
onoid fractures, and any injury where occlusion is preserved 
and the patient is able to return to early range of motion.

     Again, it should be noted that creativity may be required 
in placing the pediatric patient in primary or mixed dentition 
into adequate MMF. After 11 years of age (8 years for sym-
physis fractures), transosseous wiring and bicortical screws 
can be used. In managing postreduction malocclusion, it 
should be remembered that the primary teeth will exfoliate 
and that subsequent orthodontics can improve residual occlu-
sal discrepancies. It is likely prudent to accept a slight mal-
occlusion rather than risk injuring a permanent tooth bud 
with an attempt at ORIF.   

  Fig. 23.15    Conservative management of mandible fractures; external stabilization with C-collar ( left ) and ACE wrap ( right )       

  Fig. 23.16    Coronal CT demonstrating left condylar neck fracture       
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    Growth Concerns, Outcomes, 
and Complications 

 Our understanding and management of pediatric facial frac-
tures are ever-evolving. Imaging modalities and anatomical 
understanding continue to improve, while reporting of treat-
ment strategies, complications, and adverse outcomes con-
tinues to progress. The literature varies widely in the reported 
rates of complications associated with pediatric facial frac-
tures (anywhere from 7.4 to 27.8 %). This fact underscores 
the variability both in defi nition and follow-up of pediatric 
fractures. 

 In an effort to clarify the discussion of adverse outcomes 
in pediatric facial fractures, our group developed and reported 
the following classifi cation system of adverse outcomes: 
type 1, adverse outcomes related to the fracture itself (i.e., 
the loss of a permanent tooth with a mandible fracture); type 
2, adverse outcomes secondary to intervention and surgical 
management (i.e., nerve injury after open reduction and 
internal fi xation of a fracture); and type 3, adverse outcomes 
that may result from a combination of the fracture, its man-
agement, and subsequent growth and development (i.e., 
asymmetric mandibular growth). In the authors’ series of 
177 pediatric patients with facial fractures, 32.2 % had an 
adverse outcome (see Fig.  23.19 ).

   In general, the complications associated with pediatric 
facial fractures follow a different pattern of distribution than 
that in adult facial fractures. The more common complica-
tions seen in adults (infection, nonunion, and malunion) are 
rarely seen in the pediatric population. Here, the main con-
cern is for long-term growth disturbances. The actual poten-
tial for this adverse outcome is incompletely understood. 
The relative contributions of open reduction (and associated 

  Fig. 23.17    High condylar neck fracture on panorex       

  Fig. 23.18    Crossbite and premature contact associated with left con-
dylar neck fracture       
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  Fig. 23.19    Percent adverse outcomes       
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periosteal stripping), placement of hardware, and injury to 
growth centers are all still undergoing investigation. 

 In cranial- and skull-based fractures, complications can 
include meningitis, sinusitis, mucoceles, mucopyoceles, 
brain abscesses, and CSF leaks. Often, a CSF leak will resolve 
with conservative management within 1 week, and persistent 
leaks can be treated with lumbar drain prior to surgical inter-
vention. A growing skull fracture can occur in 0.03–1 % of 
skull base fractures associated with a dural disruption, espe-
cially if they occur during the period of rapid skull growth, 
i.e., less than 3 years of age. These growing skull fractures 
can lead to further complications. In the authors’ series, 
40 % of skull fractures had an adverse outcome. Of these 
adverse outcomes, 1.5 % were type 1, 20 % were type 2, and 
35 % were type 3. The complications included growing skull 
fractures, CSF leaks, enophthalmos, vertical orbital dysto-
pia, ptosis, amblyopia, and exophthalmos. 

 Orbital fractures can be complicated by diplopia and 
enophthalmos, both of which may require further reconstruc-
tion. In the authors’ series, 10.7 % of isolated orbital frac-
tures had an adverse outcome. Of those, 3.6 % were type 1, 
3.6 % were type 2, and 3.6 % were type 3. Three patients had 
enophthalmos, which was not clinically signifi cant (less than 
2 mm). While no persistent diplopia was reported in this 
series, it has been reported in as many as 36 % of cases in 
other series. 

 When considering the complications related to nasal 
deformity, these can be functional, aesthetic, or both. Nasal 
deviation can result from inadequate reduction and cartilagi-
nous changes. Callous formation and bony deposition can 
lead to a dorsal hump. The untreated septal hematoma can 
lead to cartilage destruction and ultimately to a saddle nose 
deformity. When considering NOE fractures, damage to the 
lacrimal system can lead to persistent obstruction, necessitat-
ing dacryocystorhinostomy. In the authors’ series, 21.7 % of 
nasal fractures exhibited adverse outcomes; 8.7 % of those 
were type 1 and 17.4 % were type 3, related to persistent 
deformity and airway obstruction. Corrective rhinoplasty is 
typically delayed until skeletal maturity in these instances, 
unless nasal airway obstruction is severe. 

 In reviewing a series of 215 mandible fractures in 120 
patients under 18 years of age, the authors have found that 
adherence to the treatment guidelines described above results 
in largely uncompromised mandibular function and growth. 
Adverse outcomes assessed in this series include dental 
trauma, restricted maximal incisive opening, mental nerve 
paresthesia, hardware problems, TMJ deviation, TMJ anky-
losis, TMJ pain, TMJ click, and growth disturbances. Of the 
56 patients in this series with at least 1 year of follow-up, 
14.3 % had a type 1 adverse outcome, 8.9 % had a type 2, 

and 25.0 % had a type 3. None of these adverse outcomes 
were clinically signifi cant, where “clinical signifi cance” was 
defi ned as a functional or aesthetic concern for the patient, 
family, or treating practitioner. All type 1 outcomes encoun-
tered were dental injuries. The most commonly reported type 
2 adverse outcome was hardware failure. Type 3 adverse out-
comes included primarily TMJ symptoms and disturbances 
in mandibular morphology. The chances of an adverse out-
come increased signifi cantly with having either multiple 
mandible fractures or mandible fractures requiring operative 
intervention ( p  < 0.05). While there was a trend towards 
increasing adverse outcome rates with increasing age 
(0–5-year-olds had a 35.0 % chance of an adverse outcome, 
6–12-year-olds had a 40.0 % chance of an adverse outcome, 
and 12–18-year-olds had a 45.5 % chance of an adverse out-
come), these values were not statistically signifi cant ( p  > 0.05, 
chi-square). With respect to postoperative growth and devel-
opment, there were no signifi cant differences between lateral 
cephalometric measurements (SNB, ANB, SN-GoGn, 
Ar-Go-Gn, Go-Pg, Ar-Go) in our cohort of pediatric mandi-
ble fractures when compared to age-/sex-matched Bolton 
norms (see Fig.  23.20 ). As well, no signifi cant differences 
were found on posterior-anterior cephalometric measure-
ments (Ar-Go, Go-Me, Ar-Me) (see Fig.  23.21 ) of injured 
and uninjured hemi-mandibles. These fi ndings held when the 
data were stratifi ed by age at injury and by fracture type. In 
another report, patients who sustained mandible fractures 
between the ages of 4 and 7 were most likely to have growth 

  Fig. 23.20    Lateral cephalometric measurements       
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disturbances and facial asymmetry, and mandible fractures 
occurring prior to 4 years of age were least likely to have a 
growth disturbance.

        Conclusions 

 The pediatric craniofacial skeleton is structurally unique 
from its adult counterpart. This distinct structure yields 
specifi c injury patterns in response to trauma, and 
these diagnoses must be astutely recognized to facili-
tate appropriate management. One must exercise spe-
cial caution in managing pediatric facial fractures such 
that growth potential is not unnecessarily sacrifi ced in 
efforts to achieve perfect reduction and rigid fi xation. 
This growth potential, if protected, lends a powerful 
plasticity to the pediatric craniofacial skeleton allowing 
for inherent compensation to the traumatic insult. An 
increasing recognition of this resilience and an expand-
ing appreciation for the role post-traumatic orthodontics 
can play in rehabilitating these injuries are coalescing 
to favor less invasive management of many pediatric 
 craniofacial fractures.     
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