
Parts I and II of this series
discussed general facial wound
repair, forehead and scalp trau-
ma, eye trauma, nasal trauma,
and midface fractures. This
third and final part of the series
covers mandible, mouth, ear,
and pediatric trauma.

—The Editor

Mandible Trauma
Chin Laceration Repair.

Chin wounds are common and
easily occur from falls where
the patient leads with the chin
and does not break the fall with
his or her hands. Lacerations
here can be repaired as in the
forehead or cheek and, other
than the mandible, there are no
deep structures to evaluate for
occult injury. Anesthesia can be
administered with or without epinephrine, and the skin can be
closed with 6-0 suture. Mental nerve blocks can be useful to
anesthetize the skin without direct injection into the wound. (See
section on Nerve Blocks in Part I.) A few minor precautions bear

mentioning. While scars from
these injuries are relatively well
hidden, the physician still needs
to be careful when realigning
the skin edges. Blunt trauma
often produces a tangential
wound, and one must align the
suture bites cautiously to keep
the skin edges even. Also, chin
wounds usually are good candi-
dates for closure with tape or
wound glue, but be aware that
when the chin stays wet from
saliva (i.e., in young children,
etc.), neither may stay in place
long enough to prevent wound
dehiscence.

Mandible Fractures. Frac-
tures of the mandible are com-
mon in relation to other facial
bones. Some authors rate the
mandible as the second most

commonly fractured facial bone behind the nasal bone,1 while
others give the mandible top billing.2 Common mechanisms
include assaults, motor vehicle accidents (MVAs), and falls, all
of which produce direct impact upon the chin. Figure 1 shows
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the incidence of fracture of each section of the mandible. At
36%, the condyle is the most frequently injured area, followed by
the body (21%), and angle (20%). (See Figure 1.) The actual fre-
quency of fracture depends in part on the mechanism; assaults
produce a higher frequency of angle fractures, while MVAs
cause more condylar fractures. This difference likely may be
explained by the different direction of the forces in each case.
MVAs cause a more direct blow to the symphysis, driving it
superiorly and stressing the condyle, while assaults usually have
a more direct blow to the body (i.e., from a punch to the face)
and direct force to the angle. Another important point is that
mandible fractures from MVAs never should be viewed as an

isolated injury. One study of 148 patients with mandible fracture
from MVA found that 65% had associated life-threatening injury,
and 8% died as a result.3 Another study found that 2.6% of
patients with mandible fracture from MVA also had cervical
spine (C-spine) fracture.4

There are several unique features of mandible fractures that
one must bear in mind. The U shape of the mandible makes the
likelihood of multiple fractures high. One study found while
approximately half (53%) will have unilateral fractures, 46% had
two or more fracture sites.5 The U shape also means that the frac-
ture site may be distant from the actual site of impact. In other
words, being struck on the left side of the jaw may produce a
fracture on the right side of the mandible. Condylar fractures are
common and can be associated with occult fractures of the tem-
poral bone and tympanic membrane rupture. Lastly, condylar
fractures can be difficult to detect on plain films of the mandible,
even with a Panorex. In some cases, a facial computed tomogra-
phy (CT) scan is needed to fully rule out a condylar fracture.

Clinical features of mandible fracture often can be obvious.
These include complaints of malocclusion, inability to open the
mouth (trismus), facial asymmetry, and sublingual ecchymosis.
Be aware that patients with unstable mandible fractures may not
tolerate being supine for C-spine immobilization, as loss of sup-
port and swelling can cause airway impingement. When possi-
ble, allowing the patient to sit upright can relieve symptoms.
Fractures often are open inside the mouth, and any intraoral and
or gingival laceration needs to be detected, as open fractures are
treated very different than closed fractures. (See below.) In some
cases, the only evidence of an open fracture will be bleeding
around the teeth. If the diagnosis is unclear, having the patient
grasp a tongue blade between the teeth and resist while the
examiner twists the blade can be a useful test. The physician
should twist the blade to both sides to test each hemimandible.
Patients with mandible fractures will open their mouths against
resistance, while those without fracture can hold enough pressure
that the blade will break off. This test is quick and easy to per-
form and is reported to have 95% sensitivity for mandible frac-
ture.6 While damage to the mental nerve is rare, inferior alveolar
nerve injury is more common, and sensation to the lower lip/chin
should be evaluated and documented.

Imaging can be done with standard plain films (i.e., Panorex,
Towne, and lateral oblique views of the mandible), or with CT
scan. Beware that CT is much more accurate for detection of
condylar or some symphysis fractures than plain films. If plain
films are used for imaging and the results are negative with a
high suspicion of fracture, then CT should be obtained. In
patients with multiple injuries, it often is more time efficient to
study the face at the same time other scans (i.e., head, neck,
abdomen, etc.) are being performed.

Treatment of mandible fracture is determined by whether the
fracture is open or closed. Any patient who has evidence of an
open mandibular fracture should be admitted for IV antibiotics.
Most open fractures require surgical intervention (i.e., wiring or
plating). Penicillin G (2-4 million units IV) or clindamycin
(Cleocin) (600-900 mg IV) are the antibiotics of choice
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because of their activity against anaerobic bacteria. Up to 50%
of open fractures may become infected without antibiotics,
while treatment with antibiotics can reduce the rate to 5%.7 For
those patients with closed fracture and minimal occlusion, the
use of a Barton bandage to minimize jaw movement, liquid
diet, analgesia, and outpatient follow-up with an oral surgeon
are recommended.

Mandible Dislocations. The mandible can dislocate with or
without preceding trauma. Traumatic dislocations require imag-
ing before reduction to rule out associated condylar fracture.
Atraumatic dislocation occurs as a result of a variety of condi-
tions: increased masseter muscle tone, temporomandibular joint
laxity, and neuroleptic induced extrapyramidal effects. Disloca-
tion usually is bilateral but also can be seen unilaterally. The jaw
can dislocate in the anterior, posterior, lateral, or superior planes.
However, anterior dislocation occurs most commonly as the
condyle is forced in front of the articular eminence. Anterior dis-
location commonly is followed by spasm of the temporalis and
lateral pterygoid muscles, which hold the mandible in the disar-
ticulated position, and resists reduction. Posterior dislocations
are rare and occur from a direct blow to the chin that does not
result in fracture of the condylar neck. The condyle rests against
the mastoid, which may disrupt the external auditory canal; thus,
posterior dislocations can be associated with cranial nerve VII
and/or VIII defects. Lateral dislocations are associated with
mandibular fracture as the condylar head is forced laterally and
then superiorly into the temporal space. Superior dislocations are
seen with blows to a partially open mouth.

Patients will complain of pain anterior to the tragus, have dif-
ficulty speaking, and also may complain of malocclusion of the
teeth. In cases lacking trauma, one should seek precise history

preceding the event. Anterior dislocation can occur after laugh-
ing, yawning vomiting, taking a large bite, trauma, oral sex, den-
tal extraction, overstretching of mouth during general anesthesia,
or tonsillectomy.8 Physical exam usually will show an open
mouth that cannot be closed. Palpable preauricular depression
and mandibular deviation in the opposite direction of the disloca-
tion also are common findings.

When the diagnosis is clear (i.e., obvious clinical findings
with no history of trauma), one may proceed directly to reduc-
tion. (See Figure 2.) Short-acting muscle relaxants, such as mida-
zolam (Versed 2-5 mg IV), aid reduction by decreasing muscle
spasm. Local anesthetic also can be administered directly into
the joint space at the level of the preauricular depression. Using a
21-gauge needle, 2 mL of 2% lidocaine can be injected anterior
to the tragus to provide analgesia.8 There are two methods that
commonly are used to reduce anterior dislocations. The most
commonly used method involves having the patient seated with
the head against the wall or a chair back. The examiner should be
positioned so that the examiner’s elbow is flexed at the level of
the patient’s mandible. With the examiner facing the patient, the
examiner’s gloved thumbs should be placed inside the patient’s
mouth on the occlusal surface of the molars. The examiner’s fin-
gers should wrap around the angle and the body of the mandible.
Downward and backward pressure then should be applied. Bilat-
eral dislocations may require the reduction of one side at a time.
Be aware that the mandible may snap closed once relocation is
accomplished, and the use of protective gauze over the thumbs is
advised to avoid injury. The second method of reduction involves
having the examiner stand at the head of a supine patient. The
thumbs are placed on the molars, and downward backward pres-
sure is applied. Successful reduction will be evident if the patient
is able to close the mouth immediately after manipulation. Post-
reduction films usually are taken for the first dislocation, but oth-
erwise are not required unless the procedure was unduly difficult
with significant pain. Reduction can cause fracture or avulsion of
the articular cartilage; however, this is rare.

Patients may be discharged with specific instructions as long
as the dislocation is not open, a superior dislocation, associated
with fracture, or suspicious for nerve injury. In these cases,
immediate consult by an otolaryngologist or oral surgeon is rec-
ommended. Discharged patients should have instructions to eat a
soft diet, not to open the mouth wider than 2 cm for two weeks,
and to support the jaw with their hands when they yawn. Non-
steroidal anti-inflammatory drugs (NSAIDs) can be given for
pain management, and follow-up within two weeks is recom-
mended regardless of the dislocation type.

Ear Trauma
Wound Repair. While not as common as some other facial

injuries, ear lacerations can present some hidden dangers if
one is not aware of potential complications unique to the ear.
The two major problems are cartilage injury and hematoma
formation. Thus, repair of lacerations of the ear should have
goals of covering exposed cartilage and minimizing hematoma
formation. The ear has very little in the way of subcutaneous
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Figure 1. Sites and Frequency of Mandible
Fractures

Reprinted with permission from: Rosen. Emergency Medi-
cine: Concepts and Clinical Practice, 5th ed. New York;
Mosby: 2002:326 
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tissue, and is essentially skin and cartilage. As cartilage is rela-
tively avascular, it relies on contact with the skin for nutrition.
Remove the skin covering, and the cartilage does not survive.
Thus, exposed cartilage must be recovered by skin during the
repair, and hematomas must be evacuated to place the skin
back in contact with the cartilage.

If cartilage is exposed but overlying skin can easily be closed
(see Figure 3), then deep sutures in the cartilage are not likely to
help. This is somewhat of a controversial issue, with one text rec-
ommending the use of deep sutures in cartilage9 and another rec-
ommending against it.10 If placing sutures in ear cartilage, use 5-
0 or 6-0 absorbable (Vicryl) and remember that sutures easily
will tear through cartilage. As any deep suture is a potential risk
for infection, place sutures only at prominent landmarks, such as
folds or ridges on the pinna. Debridement of skin overlying carti-
lage seldom is done as it quickly becomes impossible to close the
wound. Cartilage, however, can be debrided carefully up to 5
mm in length if devitalized, or to make skin closure possible with
minimal cosmetic deformity afterward.9 If more than 5 mm
needs to be removed, the case should be referred to the consult-
ant. Prophylactic antibiotics (i.e., cephalexin [Keflex] for 5 days)
usually are given when deep sutures are placed.

Perichondral hematomas of the ear are relatively common as a
result of blunt trauma and, as mentioned above, require evacua-
tion in the emergency department (ED) to prevent permanent car-
tilage loss (similar to nasal septum hematoma). Left untreated,
these hematomas produce deformity of the ear known as “cauli-

flower ear” where the ear loses its distinct contours. Any
hematoma likely should be drained when the patient presents, but
cartilage damage still can occur if not drained in fewer than 72
hours from onset. Small hematomas may be decompressed with
a needle, while larger hematomas can approach these in similar
fashion to a cutaneous abscess. The hematoma can be drained
through a small incision over its center. Compared to an abscess,
though, drains usually are not needed. A pressure dressing is
placed for 24 hours to prevent reoccurrence, and the patient re-
checked at that time. It is not unusual for perichondral
hematomas to re-accumulate and require aspiration more than
once. Correct placement of a pressure dressing for the ear
involves gauze pads (or cotton balls) first being placed around
and especially behind the ear before the head and affected ear are
wrapped with a circumferential dressing. Forgetting to place
padding around the ear painfully will compress the ear against
the skull and sometimes may cause pressure necrosis of ear carti-
lage. Given the potential complications from perichondral
hematomas, it may be advisable to involve the consultant (at
least by phone) from the beginning. 

Otherwise, simple clean lacerations not involving cartilage
can be closed with 6-0 suture taking small (1-2 mm) bites. (See
Figure 3.) Remember to pay close attention to realign major sur-
face landmarks, as noticeable disfigurement can result. Correct
management can prevent such complications. Anesthetic agents
should not contain epinephrine, and should be injected in small
volumes with 27- or 30-gauge needles. As with the eyelid and the
lip, injection of too much anesthetic can distort landmarks and
place too much tension on closures. Larger wounds can be treat-
ed with an ear block. (See section on Nerve Blocks in Part I.) A
cotton ear plug can be inserted in the ear canal during irrigation
to limit entry of fluid. Through-and-through wounds are easiest
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Figure 2. How to Reduce Mandible 
Dislocation Figure 3. Illustration of Ear Laceration Repair

Reprinted with permission from: Tintinalli JE, et al, eds.
Emergency Medicine: A Comprehensive Study Guide. New
York: McGraw-Hill Inc.; 2004:1476. 

Reprinted with permission from: Tintinalli JE, et al, eds. Emer-
gency Medicine: A Comprehensive Study Guide. New York:
McGraw-Hill Inc.; 2004:303. 



to close if one repairs cartilage first (if needed), then posterior
skin followed by anterior skin. Significant lacerations involve
crush and shearing forces with a higher likelihood of injury to
the perichondral nutrient supply and resultant cartilage necrosis.
A compressive dressing will be required to curb the formation of
a hematoma and resultant cartilage necrosis, fibrotic tissue
organization, and development of cauliflower ear. Some authors
recommend placement of a pressure dressing on the ear for 24
hours for all injuries,9 while others only recommend placement
when one is concerned for hematoma development.10 If no band-
age is placed, treat the repaired wound like other areas of the
face. Apply a thin layer of antibiotic ointment and wash normally
after 24-48 hours.

Contaminated wounds (i.e., bite wounds), complex lacera-
tions, or those with tissue loss should be treated by the consult-
ant. Be sure the patient receives the first dose of antibiotics while
still in the ED; otherwise, surprising delays can take place before
the first dose is obtained, whether the patient is discharged or
admitted. The patient should be evaluated for related trauma,
such as tympanic membrane (TM) perforation and basilar skull
fracture. Hemotympanum and Battle’s sign, or ecchymosis over
the mastoid process, clinically correlate with presence of basilar
skull fracture.

Deep Structure Injury. Traumatic TM perforation can occur
with blunt or penetrating ear trauma. Common mechanisms for
blunt trauma are a direct blow to the ear (i.e., a slap to the side of
the head) or a fall at speed onto the water, such as while water-
skiing or wake-boarding. Patients being treated for external ear
trauma should have both TMs visualized to rule out occult trau-
ma. Lacerations in the ear canal without a history of penetrating
trauma are suspicious for longitudinal temporal bone fracture.
The condyle of the mandible also can be driven posteriorly and
fracture the anterior canal wall. Likewise, hemotympanum is
synonymous with basilar skull fracture. Blood clots may obscure
the canal and need to be removed by suction to allow visualiza-
tion of the TM. Active bleeding also suggests an open fracture in
the canal. Persistent bleeding of the ear canal should prompt one
to consider cerebrospinal fluid (CSF) otorrhea and open skull
fracture. (See section on CSF Rhinorrhea in Part I.) Even if no
fractures are identified, large ear canal lacerations should be
referred to the otolaryngologist for stenting to prevent canal
stenosis.

Traumatic TM perforations occur most commonly on the
anterior-inferior and postero-inferior quadrants of the TM. The
location of the perforation cannot be predicted by the amount of
hearing loss, but the size does correlate.11 The injury may appear
slit-like, triangular, or stellate depending on the mechanism of
injury. Be aware that postero-superior quadrant perforation is a
risk for ossicle involvement. Be careful not to miss nystagmus, as
it indicates possible round window rupture as well. The facial
nerve and geniculate ganglion are nearby and also can be injured,
giving varying degrees of facial paralysis. If nystagmus or facial
nerve injury is present, immediate otolaryngologist consult
should be obtained for possible surgical intervention. Fortunate-
ly, the rate of spontaneous healing for most TM perforations is

nearly 80%.12 Simple linear TM perforations usually are watched
and often heal spontaneously in 24 hours.13 Triangular or stellate
lacerations may need surgical intervention to ensure adequate
healing. Some ENTs place stents (i.e., cellophane, cigarette
paper, etc.) over the TM wound to promote healing, while others
have studied the use of gentamycin ointment (Garamycin), but
no one technique appears superior.14 When the perforation
involves water (i.e., during water-skiing, etc.), one should place
the patient on prophylactic antibiotics (amoxicillin-clavulanate
[Augmentin] 500 mg PO TID). All patients should have oto-
laryngologist follow-up in case further evaluation or complete
audiological and vestibular testing need to be performed.

Oral Trauma
Wound Repair. Lip Lacerations. The lip is another common

site for facial laceration and, unfortunately, also is one of the
least forgiving if not closed properly. The vermillion border, or
boundary between facial skin and lip skin, is the culprit. A step-
off as little as 1 mm from uneven alignment of a wound is notice-
able. To make matters worse, secondary procedures cannot easily
repair a step-off after initial healing.10 Thus accurate realignment
of the vermillion border is the critical step in lip wound repair,
and is done as the first step—even before deep suture placement.
(See Figure 4.)

The distensible nature of the lips makes nerve blocks the tech-
nique of choice for anesthesia, as direct injection can inflate the
lips and blur the vermillion border. Infraorbital nerve blocks are
used for upper lip, and mental nerve blocks for lower lip repair.
(See section of Nerve Blocks in Part I.) Remember that midline
injuries will require dual nerve blocks for adequate results.
Although the lips are full of bacteria, cleaning will not clear them
or keep them from the wound during repair. Thus, the removal of
gross contaminants is the only goal of lip wound irrigation. Pro-
phylactic antibiotics may be considered for mucosal repairs (see
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Figure 4. Illustration of Lip Laceration Repair

Note that the vermillion border is sutured first.
Reprinted with permission from: Tintinalli JE, et al, eds. Emer-
gency Medicine: A Comprehensive Study Guide. New York:
McGraw-Hill Inc.; 2004:303. 
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below). Mucosal wounds also have the potential for harboring
tooth fragments. If a tooth is chipped, fractured, or avulsed by
the injury, be sure it is accounted for. If it is not, fully explore the
lip wound to rule out retention of the fragment. Probing the
wound is not an adequate examination for a retained tooth frag-
ment. Soft-tissue x-rays of the area also may be helpful. Like-
wise, any patient returning with a lip wound infection and tooth
trauma should be evaluated for a retained tooth fragment.

Simple lacerations are closed with 6-0 non-absorbable suture,
and mucosal injuries closed with 6-0 or 5-0 absorbable. (See Fig-
ure 4.) Do not place non-absorbable suture anywhere inside the
mouth, as the edges are sharp and very irritating. The mucosal
surface of the lip is identified as the portion that is inside the
mouth when the lips are closed normally. Again, realignment of
the vermillion border is performed with the first suture placed,
though this stitch may be left untied at first to ease deep suture
placement. Through-and-through lip wounds are not unusual and
are closed in three layers: deep muscle, skin, and mucosal sur-
face. The orbicularis oris muscle is closed with 5-0 absorbable,
but this is not placed or tied until after vermillion border realign-
ment. It is important to tie extra knots (at least four square knots)
on mucosal surface sutures as the constant motion of the tongue
easily can work them loose otherwise.

Complex lip lacerations are best left for the consultant,
although up to 25% of the lip can be lost without significant
deformity or need for secondary reconstruction. Important
exceptions to this rule are the upper lip below the nose and the
commissures (corners of the mouth). Tissue loss here should be
referred for repair. Likewise, any burn to the commissure (i.e.,
from biting an electrical cord) needs to be treated by an experi-
enced consultant. These injuries can have delayed bleeding com-
plications and can cause deforming contractures. Puncture
wounds usually are closed on the skin surface only, and the
mucosal surface is left open for drainage.

Lip wounds are not bandaged, and patients are instructed to
avoid unnecessary pressure (i.e., stretching) of the lips. They also
should be told to rinse the mouth after each meal to remove food
particles from the healing wound surface. Sutures are removed in
4-5 days to reduce suture marks. At least one prospective, dou-
ble-blind, placebo-controlled study supports the use of prophy-
lactic antibiotics (penicillin) for intra-oral lacerations.15 Although
the study size was relatively small, they found that none of the
patients properly taking penicillin for 4-5 days after repair devel-
oped an infection, compared to 8% of controls. Clindamycin is
the alternative in patients with allergy to penicillin.

Tongue and Mucosal Lacerations. While tongue and mucosal
lacerations are relatively common, in most cases sutures are not
required for adequate healing. Both areas heal quickly with mini-
mal infection if left alone. Exceptions for mucosal wounds are
flaps greater than 2-3 cm in size or gaping lacerations. These
should be sutured to prevent food from being trapped under the
wound and to reduce risk of infection. Even after healing, deep
tongue wounds may heal with a permanent cleft in the tongue
that can trap food and cause discomfort. Gaping wounds that are
left to heal on their own also may heal with an abundance of scar

tissue that can reduce tongue function and affect speech. Again,
the wound should be explored for lost tooth fragments when
combined with dental injury. Mucosal wounds usually re-approx-
imate with just a few 5-0 or 6-0 absorbable sutures.

Tongue lacerations most often result from falls or seizures,
and many tongue wounds can be left to heal without sutures.
Sutures are recommended for any wounds on the edge of the
tongue, through-and-through injuries, wounds that bisect the
tongue, deep gaping wounds, wounds that have large flaps, or for
control of bleeding. Uncooperative patients (children or adults)
require sedation for tongue repair, and may need general anesthe-
sia. Cooperative patients should have 2% or 4% lidocaine-soaked
gauze placed over the wound for 4-5 minutes before injection of
lidocaine. Epinephrine can be included if hemostasis is difficult,
but should not be injected in the tip of the tongue. The tongue is
held protruded by an assistant with dry gauze or by placing a stay
suture through the anesthetized tip of the tongue. Absorbable 5-0
or 4-0 suture should be used as non-absorbable suture is very
irritating in the mouth. All knots should be buried, as they are
more comfortable and less likely to become untied through natu-
ral tongue motion. One can close the deep muscle layer, top and
bottom mucosal surfaces all in a single stitch. Alternatively, one
also can close the top and bottom surfaces separately, but take
big enough bites to include the deep muscle layer. Small surface
flaps simply are trimmed off, while larger flaps should be
anchored in place by a few sutures. Aftercare consists of follow-
ing a soft/liquid diet and rinsing the mouth with diluted peroxide
solution for the first 2-3 days after repair. There is no literature
on the need for prophylactic antibiotics for tongue wounds, and
most patients do well without them.

Dental Trauma. Dental injuries are common, and include
fractures, lunation (loose teeth with or without displacement),
intrusion (teeth displaced vertically into alveolar bone), extrusion
(teeth displaced by partial avulsion), and avulsion (complete dis-
placement of the tooth from the socket). An avulsed permanent
tooth (primary teeth are not reimplanted) is the worst-case sce-
nario, and accounts for 16% of all dental injuries.16 Fortunately,
this also is the case where the ED physician can have the most
impact. As soon as the patient is stable, the tooth should be
replaced into the socket. The tooth may be rinsed in saline or
water first if visibly contaminated, but do not touch, clean, or rub
the root as this can remove periodontal ligament fibers and dra-
matically can lower the chance of successful reimplantation.
Teeth that have been dry for more than 20 minutes should be
moistened with saline first or alternatively soaked in Hank’s
solution for 20-30 minutes.16 If the tooth cannot be replaced in
the socket immediately, it should be held in either the patient’s
mouth, milk, or a commercial tooth container. If the tooth cannot
be replaced quickly, chances for ultimate survival diminish
abruptly; only 5% of teeth survive after two hours (almost a 1%
per minute decrease).

Extrusion of a tooth is a common injury. Lateral displacement
is more serious than anterior or posterior displacement, as lateral
injuries are more likely to be associated with alveolar fracture.
Extrusion injuries still are significant; 50% of teeth will have
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pulp necrosis in 1.5 years after trauma.16 Any tooth that is dis-
placed enough to interfere with normal occlusion should be
referred to a dentist for either extraction or repositioning and
splinting. Likewise, a very loose tooth can be an aspiration risk,
and should be splinted in the ED. Some emergency physicians
(EPs) may be experienced and have the necessary equipment to
do this in the ED, but most will require a dental consult in the
ED. Intrusion of a tooth may even be to the point that the tooth is
no longer visible. Attempts to pull the tooth back to normal posi-
tion are not indicated. Dental referral should be provided to
watch for re-eruption over four weeks, and extraction if does not.
All patients with extrusion, lunation, or avulsion should have
prophylactic antibiotics (penicillin or clindamycin if penicillin-
allergic).

Tooth fractures are classified by location and severity. Ellis
class I fractures involve only the enamel, which can be recog-
nized by seeing only normal white tooth in the fracture. These
injuries are only of cosmetic concern and may be referred for
elective repair. Sharp edges can be uncomfortable and may be
covered or smoothed temporarily with dental wax. Class II frac-
tures involve the dentin, which appears yellowish in the fracture.
These account for approximately 70% of tooth fractures.16

Patients often complain of heat and cold sensitivity, and require
intervention. Dentin connects to the pulp and, if exposed, can act
as a conduit for pulp infection. Dental cement can be used to
cover dentin temporarily until the patient can see a dentist. Class
III fractures involve the pulp and are identified by any pink color
or bleeding from the fracture. They are treated similarly to class
II fractures. Root fractures can occur with or without crown
injury, and some may be identified only by x-ray. Patients should
be informed that root fractures may be present and should be
referred for dental follow-up. Long-term complications of tooth
fracture include pulp death, root reabsorption, cosmetic color
changes, and damage to permanent teeth not yet erupted.

Pediatric Facial Trauma
Pediatric patients unfortunately often suffer traumatic injuries.

Lacerations alone are estimated to account for up to 40% of all
pediatric patients presenting with injuries to the ED, and 60% of
these wounds occur on the head.17 Males are twice as likely to be
injured compared to females, and falls are a common cause. One
should be aware of physical abuse as a cause when the stated his-
tory does not fit the injury seen or is not consistent with the
patient’s development. One example is the 6-month-old who
“climbs onto a counter and falls off” when it is not physically
possible for a 6-month-old to do so. Linear lacerations that
appear in a cluster on sites not commonly injured, i.e. the back,
suggest being hit with a belt or other object. Finally, wounds or
injuries around the genitals also can result from abuse and may
need to be evaluated as such.

Bite Wounds. Children suffer from bite wounds more often
than adults, with a peak incidence occurring in the 5- to 14-year-
old age group.18 Dog bites in adults occur more often to the
extremities, but in children younger than 9 years, the injury is
predominantly to the face and head.19 The culprit usually is an

animal known to the patient, with only 3-15% of bites from wild
animals. Bites wounds on the head of smaller children are higher
risk for skull fracture or penetration. Another study pointed out
that while facial fractures are not common from bite wounds,
87% of patients with facial fractures were younger than 16
years.20 The most commonly fractured bones were nasal or
orbital bones. Any bite wound near the orbit also is a concern for
puncture wound to the globe. Cat bites actually are at higher risk
for infection than dog bites as they tend to be more of a puncture
wound and are more difficult to clean. Larger, open wounds are
less prone to infection. Because bite wounds typically carry a
high bacterial load, physicians in the past have been reluctant to
close them primarily. The literature now supports primary clo-
sure of all potentially disfiguring bite wounds on the face. The
rate of bite wound infection is lowest for the face compared to
other locations.19 Wound infection rates typically are in the 6%
range for all wounds, and the rate varies from 1.4% to 5.8% for
facial bites.21 After thorough irrigation with diluted (1%) povi-
done-iodine solution, devitalized tissue should be debrided. Cer-
tain areas of the face do not handle debridement well, specifical-
ly the nose, ears, and forehead. Even minor wound edge trim-
ming can produce wounds that cannot be closed afterward. The
ED physician should have a low threshold for plastic surgery/
facial trauma specialist consult for any complex or large bite
wounds on the face. When repairing wounds in the ED, most
physicians will use prophylactic antibiotics for facial bite
wounds. Amoxicillin/clavulanate usually is prescribed for a 3-5
day course. The literature on the effectiveness of prophylactic
antibiotics for dog bites is replete with examples of benefit and
no-benefit articles. A recent meta-analysis, however, does sup-
port a reduction in rates of infection in high-risk cases.22 Cat and
human bite wounds are more clear-cut examples of the need for
prophylaxis. Patients should be instructed to return for recheck in
fewer than 48 hours. 

Dealing with Young Children and Parents. Pediatric
patients with facial injuries present in the context of unique con-
cerns. Young children fear needles and pain, while their parents
are extremely concerned about their child’s comfort and even
more anxious about scarring and future appearance. While some
young children may not be able to be consoled in this context,
remember that a young (1-5 years old) child’s receptive language
skills are nearly always more advanced than their speech.
Remembering to explain each step to the child in terms they can
understand can go a long way to comforting the patient, which in
turn can calm the parent(s). First, start by just taking a look. It
can be helpful to keep the child in the mother or father’s arms for
this step, as stranger anxiety and separation from the parent are
deep-seated fears for infants and toddlers. Having a parent help
expose the wound while the physician just observes the injury
can be more fruitful than having the physician doing so. As there
likely will be a point at which one has to force the child to sub-
mit to further examination or the repair procedure, it is helpful to
delay this until the repair is ready to start. Any deep exploration
or probing of the wound should be performed under anesthesia
(as one would do for an adult). Direct pressure to control bleed-
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ing also can be much more successful if the parent is applying
pressure.

As often can be the case in pediatrics, the parents may be the
actual patients who consume the physician’s time during treat-
ment of the injury. With younger children, this may be the first
visit to the ED, and the parents’ imaginations can run wild with
worst-case scenarios about permanent disfigurement. At times,
parents may request or even demand wound closure by a plastic
surgeon for very minor lacerations because they believe this will
result in no scar from the repair. In general, the EP should spend
time educating the parents about what plastic surgeons can pro-
vide for their child, but at the same time not try to sell them on
the idea of having the ED physician close the wound. Doing so
puts the EP at unnecessary risk because, if the parents are very
concerned about the child’s appearance from the beginning, it is
likely they may not be happy with the resulting scar at some
point in the future. They may be left with the thought, “If only
we had used the plastic surgeon from the start and not let the ER
doctor convince us otherwise ….” Simply educate the
patient/family as follows, “All cuts that require sutures will leave
a scar. The body heals wounds with scar tissue. The scar will
change and usually improve in appearance during the next 12
months. Plastic surgeons trade one scar for another in the future
after the wound heals. In general, every physician closes small,
straight wounds in the same way. I will repair the wound or you
can decide to have the plastic surgeon called in. The choice is up
to you.” Parents at times may ask, “What would you do if it were
your child?” The EP should provide an honest answer and then
refer the decision back to the family. After they have chosen to
have the consultant called, it is helpful to give them a realistic
time estimate on the consultant’s arrival and not to predict what
the consultant will do (i.e., take them to the operating room, etc.).
Making predictions that may not come true can generate distrust
of the consultant if the consultant chooses not to follow your
plan. If the family opts for ED physician closure, document
briefly the discussion that took place and give them the referral
for plastic surgeon follow-up even if they think it will not be
needed. Remember that while the ED physician may know that a
plastic surgery closure for a simple 1 cm laceration really makes
little difference, the physician treating the parents’ perceptions,
expectations, and fears.

Finally, it is useful to give written instructions on aftercare, as
they may be too distracted at the time to remember everything
that is said. Stress the importance of adequate sunscreen use on
the scar for up to 12 months after injury to minimize or prevent
permanent discoloration of facial scars. This should begin after
all scabs are gone. As with adult facial wounds, they can wash
the child’s wound normally with soap (no peroxide) after 24-48
hours. Most young children will leave sutures alone if they are
out of sight, but a bandage may be useful to provide a layer of
protection, whereas in adults the wound may be left uncovered.

Restraints and Sedation. Despite the physician’s best efforts
at calming children, there always are those that cannot be treated
without chemical or physical restraint. In some cases, i.e., pene-
trating eye trauma, the patient may require sedation just for safe

performance of the initial exam. Physical restraint with a
papoose usually is employed to preverbal children (i.e., toddlers
and infants), but can be upsetting for the parents. Taking time to
explain the need for restraint and the risks of alternatives (seda-
tion) usually helps parents accept the restraint. Allowing parents
to stay in the room for the procedure can be helpful unless the
parent is unable to remain calm and actually worsens the child’s
condition by their presence. Very young children usually are not
consoled by seeing the parent in the room and just want to get up
and leave. In these cases where both child and parent ultimately
are more upset by being together, it is best for the parent to wait
in the waiting room until the repair is finished. The EP can focus
more completely on the repair and finish more rapidly when a
parent is not hovering and crying over staff shoulders. The physi-
cian should strive to minimize the time in restraints. Everything
should be made ready, including assembling suture materials,
holding help, etc., before the child is placed in the restraint.

Older children (3-4 years and up) usually do benefit from hav-
ing someone, such as a parent or often staff, distract the child
during the procedure. Asking the child about pets, friends,
favorite TV shows, etc., can be a great help in keeping his or her
mind off the present situation. Also be aware of aspiration risks
with restrained children. Crying with a full stomach can induce
vomiting, so the physician should be ready to roll the child on
his/her side if this occurs. Fortunately this is relatively easy and
safe when using a papoose board. An assistant to hold the
patient’s head still can be especially valuable when suturing
facial wounds. Make sure the assistant uses his or her palms and
not fingertips when holding the head to reduce pain and bruising.
The lip can be a very challenging site for suturing in a young
child. The assistant can help by applying gentle pressure under-
neath the jaws (but not with fingertips) to minimize movement.
Unfortunately, no matter how still the body is, the lip/mouth can-
not be immobilized just using physical restraints. Sedation often
is needed in cases where the patient must be still to achieve good
closure, such as alignment of the vermillion border, larger lacera-
tions, etc.

There are multiple approaches to pediatric procedural seda-
tion and a complete discussion is beyond the scope of this article.
Choice of sedation option is based on expected procedure time,
level of anesthesia required, resources at the facility, and the
degree of immobility needed for the repair (i.e., does the patient
need to be motionless?). The reader is referred to the general
guidelines published by the American College of Emergency
Physicians (ACEP).23

A few useful tips on pediatric sedation bear mentioning. One
should remember that most sedation agents (benzodiazepines) do
not provide analgesia. When using these types of sedation,
remember also to inject local anesthetic or use an additional
agent specifically for pain (i.e., fentanyl [Sublimaze], etc.).
Midazolam has some great advantages for the ED setting. It has a
short half-life (30-45 minutes), can be given IM/IV/O or
intranasally, and has associated amnesia for the event. Dosing is
as follows: 0.1-0.15 mg/kg IV; 0.2 mg/kg IM; 0.2-0.3 mg/kg
intranasal; and 0.3-0.5 mg kg PO. Intranasal and PO routes are
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handy for younger children who are very anxious but do not
require more controlled sedation. Parents like the idea that the
child will not remember the procedure. Remember to wait the
full 20-30 minutes for PO and intranasal dosing to have maximal
effect. Ketamine (Ketalar) has unique properties that make it
very useful for procedural sedation in the ED. It can be given IV
(1-2 mg/kg) or IM (2-4 mg/kg) and induces a dissociative state
where the patient is still, sedated, and anesthetized at the same
time. The child truly will not move for about 10-15 minutes
immediately after the IV push. Thus, unlike with midazolam, the
physician should be ready to suture immediately after ketamine
is given IV. Ketamine should be given in combination with
atropine (0.02 mg/kg, with 0.1 mg as the minimum dose) to
reduce hypersalivation. Emergence reactions are more common
in older children (older than 4-5 years), and parents should be
made aware of the possibility. To combat these emergence phe-
nomena, one may choose to use a benzodiazepine (midazolam)
in combination with a lower dose of ketamine.24

Facial Fractures. Facial fractures are not especially common
in pediatric patients. Incidence of pediatric facial fracture ranges
from 1-14% of all facial fractures.25 When bones break, though,
the frequency is similar to adults. A 1993 series found the fol-
lowing breakdown in pediatric facial fractures: 45% nasal, 32%
mandible, and 20% zygomatic or orbital fracture.26 Any diagno-
sis of facial fracture should prompt one to consider if the report-
ed mechanism fits with the injury. One strongly should consider
child abuse in that setting, and the patient’s entire body may need
to be re-examined looking for other signs of non-accidental
injury. In children younger than 6 years, the frontal bone is
injured more commonly than in adults due to its prominence.
Maxillary fractures also are rare as sinuses have not developed
fully. Some complications of fractures are more common in chil-
dren. Nasal fractures in children are at increased risk for develop-
ing septal hematomas, and these also can occur from blunt trau-
ma without nasal fracture. Septal hematoma in children also car-
ries major risk for cosmetic deformity. One study of 16 children
(mean age 5 years, range 2-14 years) with septal hematomas
found major complications requiring multiple reconstructive sur-
gical procedures in 62% of their patients.27 By the age of 12-15
years, fracture patterns resemble those of adults.

Mandible fractures in children often are associated with other
facial fractures. Fully 33% of children with mandible fractures
will have another facial fracture.28 Another study also found a
high incidence of associated internal injuries.29 (See next para-
graph.) Younger children can be more difficult to examine, and
may not easily open their mouths if painful. Chin lacerations are
common, but also can be a sign of condylar fracture. These
should be sought if the child has difficulty opening his or her
mouth. While they may not do so on command, very few young
children will cry without opening their mouths widely. Panorex
and CT scan are the imaging modalities of choice, as in adults.
Children have the added complexity of growth plate injury, and
any diagnosed or suspected mandible fracture requires consult
and usually admission from the ED. Condylar fractures are espe-
cially high risk and can lead to micrognathia and ankylosis of the

temporomandibular joint.
When facial fractures are diagnosed, be aware of associated

injury, as they occur in between 50-88% of cases.25,30 Children
have a greater incidence of head trauma and intracranial injury
than adults. Orbital fractures in children are especially high risk
for neurocranial injury. In infants, facial injuries usually occur
from falls out of a seat or stroller. At least one study has shown
correlation with the size of a cephalohematoma and risk of skull
fracture and/or intracranial injury.31 Parietal and temporal
hematomas were higher risk than frontal ones, and size of scalp
hematoma directly correlated with presence of deeper injury.
Children also are higher risk for upper C-spine injury, and spinal
cord injury without radiographic abnormality (SCIWORA). Con-
sultation is recommended for any child with facial fractures as
later facial growth can be altered, producing devastating cosmetic
deformities. If a patient is discharged, follow-up must be in only
a few days, as callus formation will complicate further treatment
in as little as one week.
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Physician CME Questions 

51. Which of the following statements about mandible fractures is false?

A. The mandible can be broken on the opposite side from the site

of trauma.

B. When caused by MVAs, mandible fractures usually are isolated

injuries.

C. Multiple fractures are likely.

D. Condyle fractures are the most common.

52. Which of the following statements regarding ear trauma is true?

A. Perichondral hematomas do not usually recur in the first 24

hours.

B. Perichondral hematomas often are not associated with abscess as

a complication.

C. Debridement of less than 5 mm of cartilage leaves only minimal

cosmetic defect.

D. None of the above.

53. Concerning pediatric facial trauma, which is of the following state-

ments is false?

A. Bite wounds are seen more often in children than in adults.

B. Children sometimes can be distracted during repair rather than

sedated.

C. Facial fractures are very common in children.

D. Dog bites in children younger than 9 years predominantly occur

to the face and head.
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54. Which of the following is a clinical feature of mandible fracture?

A. Complaints of malocclusion

B. Trismus

C. Facial asymmetry

D Sublingual ecchymosis

E. All of the above

55. CT is more accurate for detection of condylar and some symphysis

fractures than plain films.

A. True

B. False

56. Which of the following types of ear wounds should be treated by a

consultant?

A. Contaminated wounds

B. Complex lacerations

C. Injuries with tissue loss

D. All of the above

57. When repairing ear wounds, physicians should take care to avoid

injecting too much anesthetic because this can distort landmarks and

put too much tension on closures.

A. True

B. False

58. Which of the following statements is true regarding deep structure ear

injuries?

A. TM perforation occurs only with penetrating ear trauma.

B. Traumatic TM perforations occur most commonly on the anteri-

or-inferior and postero-inferior quadrants.

C. The rate of spontaneous healing for TM perforations is very

small.

D. Application of gentamycin ointment to TM wounds appears

superior to the use of stents over the wound.

59. Sutures are recommended for which of the following tongue wounds?

A. Wounds on the edge of the tongue

B. Wounds that bisect the tongue

C. Through-and-through injuries

D. Wounds with large flaps

E. All of the above

60. Lateral tooth displacement is more serious than anterior or posterior

displacement because lateral injuries are more likely to be associated

with alveolar fracture.

A. True

B. False
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In Future Issues: Common Ear, Nose,
and Throat Problems

Correction

In the August 9, 2004, issue of Emergency Medicine Reports
(vol. 25, no. 17), the weight of adult patients for the dosage of
plain lidocaine was listed incorrectly. The 300 mg dose of plain
lidocaine is the maximum safe dose for a 70-kg adult patient.
We apologize for the error.

CME Answer Key
51. B
52. C
53. C
54. E
55. A

56. D
57. A
58. B
59. E
60. A

Audio Conference Prepares 
You for Influenza Season

Brace yourself: Flu season is right around the corner.
Are you prepared? If an influenza pandemic hits, the
entire U.S. population could be at risk. 

The annual impact of influenza on the United States is
staggering: 10% - 20% of the population will get the flu.
Some 36,000 people will die. And 114,000 will be hospi-
talized. Most of those who die will be over 65, but chil-
dren 2 years old and younger will be as likely to be hospi-
talized as the elderly.

Thomson American Health Consultants is offering an
audio conference with the information necessary to help
you diagnose and treat patients with flu symptoms and, as
important, prepare for an influenza pandemic. 

Get Ready For Influenza Season: What You Need to
Know About the Threat, Diagnosis and Treatment,
which will be held on Tuesday, Sept. 28, 2004 from 2:30 -
3:30 pm, EST, will be presented by Benjamin Schwartz,
MD, and Frederick Hayden, MD.

Schwartz, who is with the National Vaccine Program
Office and is spearheading the development of the National
Pandemic Influenza Preparedness and Response Plan, will
discuss the potential impact of an influenza pandemic.

Hayden, a professor of Internal Medicine and Patholo-
gy at the University of Virginia School of Medicine, Char-
lottesville, will discuss current methods of diagnosis, and
the latest information on treatment with antivirals. 

This program will serve as an invaluable resource for
your entire staff. Your fee of $249 includes presentation
materials, additional reading, and free continuing educa-
tion. 

For more information, visit us at www.ahcpub.com, or
contact customer service at (800) 688-2421 or by e-mail at
customerservice@ahcpub.com. 

When registering, please reference code T04118-61332.
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Facial Trauma,
Part III

RAPID ACCESS MANAGEMENT GUIDELINES

®

Exclusive to our subscribers

Sites and Frequency of Mandible 
Fractures

Reprinted with permission from: Rosen. Emergency
Medicine: Concepts and Clinical Practice, 5th ed. New York;
Mosby: 2002:326 

Symphysis 14%

Body 21%

Angle 20%

Ramus 3%

Coronoid process
3%

Condyle
process 36%

Illustration of Ear Laceration Repair

Reprinted with permission from: Tintinalli JE, et al, eds.
Emergency Medicine: A Comprehensive Study Guide. New
York: McGraw-Hill Inc.; 2004:303 

How to Reduce a Mandible 
Dislocation

Reprinted with permission from: Tintinalli JE, et al, eds.
Emergency Medicine: A Comprehensive Study Guide. New
York: McGraw-Hill Inc.; 2004:1476 

Illustration of Lip Laceration Repair

Note that the vermillion border is sutured first.
Reprinted with permission from: Tintinalli JE, et al, eds.
Emergency Medicine: A Comprehensive Study Guide. New
York: McGraw-Hill Inc.; 2004:303 

Orbicularis oris muscle
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Cervical spine injuries, although uncommon (0.9-6% of blunt
trauma patients),1-5 have the potential to result in permanent neu-
rologic devastation for the patient. Appropriate suspicion for cer-
vical spine injury, immobiliza-
tion, and the decision to obtain
radiographic imaging are all
important aspects of the acute
care of an adult who has sus-
tained a blunt traumatic injury
(as discussed in Part 1 of this
series); but the responsibilities
of emergency department
(ED)/trauma physicians do not
end with the decision to obtain
radiologic imaging.

The physician must then
decide the most appropriate ini-
tial imaging modality (plain
radiographs, computerized
tomography [CT], or magnetic
resonance imaging [MRI]) for the patient and when an ade-
quate evaluation has been performed. Understanding the indica-
tions, advantages, and limitations of each radiographic modality
is critical to obtaining a diagnostic evaluation that effectively
identifies or excludes a cervical spine injury.

This issue presents the physician with a thorough discussion
of the imaging alternatives available and facilitates clinical deci-
sion-making for diagnostic imaging. The author also provides a

comprehensive discussion of the evaluation of a patient with a
potential ligamentous injury to the cervical spine.

—The Editor

Introduction
Although cervical spine

injury is uncommon, the impli-
cations of a missed injury are
profound and may result in
many serious complications for
the patient and the physician. In
one series, missed spinal
injuries were responsible for
3% of malpractice claims and
9% of total dollars paid in
claims.6 A portion of these
missed injuries resulted from
inaccurate interpretation of
radiographs or failure to obtain
the appropriate imaging re-

quired to make the diagnosis. Trauma care providers must have a
thorough understanding of imaging modalities, their indications,
and more importantly, their limitations. Alternatives available
include plain radiographs, CT, and MRI. Formulating an imaging
approach to a patient with a potential cervical spine injury allows
the trauma care provider to achieve an accurate diagnosis in a
timely manner with minimal risk to the patient. Understanding
the roles and risks with flexion-extension radiographs and fluo-
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roscopy allows the trauma care provider to accurately identify
ligamentous injury to the cervical spine, without placing the
patient at risk for neurologic complications.

Radiographic Cervical Spine Clearance 
Plain Films vs Computed Tomography. Although there is

increasing consensus among clinicians as to which patients re-
quire cervical spine imaging, extensive variation still exists in the
approach.1 Once the decision to perform radiographic clearance
has been made, the question remains: What study should I order:
plain radiography, CT, or both? The ideal strategy is one that
accurately and inexpensively identifies all cervical spine injuries.
Unfortunately, no current approach singularly fits that bill.

Conventional radiography remains the most commonly
employed approach to traumatic spine assessment in most hospi-
tals in the world.7 Most trauma physicians agree that at least a
three-view series (i.e., lateral, open mouth, and anteroposterior)
is the minimally acceptable standard for radiographic evaluation
of most blunt trauma patients. A consensus agreement among
emergency physicians, radiologists, and trauma surgeons states

that, in an alert patient with cervical tenderness in the absence of
neurologic injury, an adequate three-view series is sufficient for
excluding cervical spine injury.8 The addition of oblique views
(five-view series) to improve sensitivity and improve detection of
the lateral and posterior spinal elements adds little to the overall
evaluation and simply prolongs the diagnostic work-up of these
patients.9 However, the swimmer’s or oblique view may improve
visualization of the cervico-thoracic junction when the lateral
view fails to display these areas adequately.10 The routine addi-
tion of flexion-extension views to the standard plain films is not
necessary unless there is specific concern for ligamentous injury. 

A single lateral view of the cervical spine is insensitive for
excluding cervical spine injury. A survey of more than 100 hospi-
tals in the mid-1990s revealed that 33% of their physicians were
clearing the cervical spine using only lateral radiographs.11 As
many as 15-46% of cervical fractures were missed when cross-
table lateral radiographs solely were used to exclude cervical
spine injury.6,11,12

Although obtaining plain radiography is inexpensive, poses a
low radiation risk, and is available widely, it has several distinct
limitations and disadvantages. The diagnosis of significant cervi-
cal spine injury using plain films in the severely injured or un-
conscious patient is challenging. In many cases, the cervico-cra-
nium (C

1
-C

2
) and cervicothoracic junction (C

7
-T

1
) are shown

inadequately, or the quality of the portable films is poor. Plain
films are repeated in almost 50-70% of those patients to obtain a
complete study.13,14 The result is more time lost, additional x-rays
taken, and higher cost.15,16 Moreover, the frequency of inadequate
or false-positive plain radiographs increases with injury severity.16

In recent years, the diagnostic efficacy of cervical plain radi-
ographs for demonstrating and excluding injury has come under
increasing scrutiny. Results from a number of studies have ex-
posed the limitations of conventional radiography. Fractures that
are clearly evident on CT are not always evident on plain films.
In a series comparing plain films with CT, Woodring and Lee
showed that plain films revealed only 33% of all fractures and
55% of subluxations or dislocations.11 They also found that 23%
of patients (half of whom had unstable injuries) initially were
diagnosed as normal.11 Nunez et al found that 42% of injuries
were not seen on plain films, including 10 patients with unstable
fractures.14 When pooling the data from several retrospective
series (recognizing potential design limitations), the overall sen-
sitivity of plain films in detecting cervical spine injury is only
53%, while that of CT is 98%.6,14,17-19

The availability of such an effective imaging strategy raises
the question: Shouldn’t everyone be screened using CT? The ini-
tial role of cervical CT was an adjunct to plain films, not a
screening tool. CT was reserved for further delineation of areas
suspicious for injury and areas poorly defined on plain films.20-22

However, the widespread use of this imaging modality led to the
identification of fractures and subluxations not readily apparent
on plain film radiographs.

Helical CT represents an advance from the older approach of
single acquisition CT. Advantages of helical CT include faster
acquisition and image reconstruction times, reduction of arti-
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facts, and a higher quality of reformatted and three dimensional
images.23 In the multiple-trauma patient, helical CT can assess
several body regions in less time. Before helical CT, the time
required for the scan itself and heating and cooling of the tube
made screening of the entire cervical spine impractical.24

Rather than adopting CT as the primary screening modality,
an early approach advocated limited use of CT to examine por-
tions of the spine that were anatomically difficult to see on plain
films, such as the cervicocranial and cervicothoracic junctions.25

These guidelines recommended standard plain radiography sup-
plemented by regional CT of the cervicocranium and areas of
suspicion. However, results of a recent study revealed that the
approach would have missed 71% (29/41) of injuries that occur-
red below the C

2
level and did not show up on plain films.17

Some centers routinely obtain cervical spine CT in all patients
who are getting a CT scan of the head or body. That practice is
supported by several small studies and is in keeping with the
most recent American College of Radiology (ACR) Guidelines
(2002), which recommend cervical spine CT in patients with
paresthesias, altered level of consciousness, and in whom cranial
CT will be obtained.8 When CT of the head and cervical spine
are obtained together, the overall time for cervical spine evalua-
tion was reduced by an average of 17 minutes, and the estimated
additional cost was only $184.42 per patient.6,18,26-28 That app-
roach also identified a significant number of fractures (occipital
condyle fractures and C

1
/C

2
fractures) not seen on plain films.29 

An additional advantage of obtaining a cervical spine CT is its
ability to provide information about surrounding anatomical
structures. In one series, other injuries were detected in 9% of
patients undergoing CT of the cervical spine, including fractures
of the upper thoracic spine, proximal ribs, mandible, and skull
base.30 Small, apical pneumothoraces and airway injuries also
may be detected.26

Considering the ease of obtaining a CT, the time saved, and
the diagnostic sensitivity, there is a propensity to use it routinely
for cervical spine clearance instead of conventional radiography.
Advantages of helical CT compared with plain radiographs

include improved accuracy and faster diagnosis; disadvantages
include greater expense and higher radiation doses.19,30 It is well
known that the risk of thyroid cancer increases with radiation
exposure, especially in children.18,31,32 Estimates of radiation risk
from a complete cervical CT scan vary depending upon the tech-
nique and type of scanner. Rybicki et al found that helical CT
exposed the thyroid to 14 times the radiation of standard cervical
spine plain radiographs, even when accounting for the need for
repeat radiographs.33

With the radiation risk and cost of CT in mind, a number of
authors have attempted to define high-risk patients who should
be screened primarily with cervical CT.6,18,26,30,34 High-risk
patients as described by Hanson and Blackmore are patients with
a probability of cervical spine injury exceeding 5-10%.26,30 This
definition included patients suffering a high-energy mechanism
injury or presenting with a high-risk clinical parameter.30,34 (See
Table.) In their small prospective study, Berne et al defined high-
risk patients as those who had an altered mental status, were
unconscious, or required an admission to an intensive care unit.18

Screening high-risk patients with CT has been shown to be cost-
effective, time efficient, and clinically efficacious.15,35

Although Blackmore et al did not find CT to be cost-effective
in low-risk patients (less than 4% chance of injury),35 Griffin et al
suggest there is a growing body of evidence that CT should
replace plain films for the screening evaluation of the cervical
spine in all blunt trauma patients.17 In their recent, retrospective
review of 1,199 trauma patients, they found that plain radio-
graphs—interpreted as normal by the radiologists without rec-
ommendation for further radiography—failed to identify 41 of
116 cervical spine injuries detected by CT. A number of factors
made it difficult to draw any firm conclusions from their study:
1) the retrospective nature of data collection; 2) types of injuries
missed (including transverse process and spinous process frac-
tures); 3) types of patients evaluated (including patients with
neurologic deficits or deaths); and 4) absence of missed injuries
(patients with normal plain films still were scanned). Before
adopting a strategy of screening all patients with CT, further
prospective research is needed. 

Before abandoning plain films completely, it is important to
understand that screening radiography is not intended to detect
every cervical spine injury.36 Rather, when plain films reveal an
injury or area of suspicion, or prove to be inadequate, other
modalities such as CT or MRI should be used to evaluate for cer-
vical spine injuries. In a review of 34,069 patients screened with
plain radiography, Mower et al found that screening radiography
only missed three injuries associated with spinous instability, or
one unstable injury for every 11,000 screening evaluations.36

No radiological modality—including CT— is 100% sensitive
in the detection of cervical spine injuries. Brohi et al describe a
patient with a C

6
-C

7
bilateral facet dislocation missed on CT

scan.37 Schenarts et al revealed that CT had a sensitivity of 96%
and missed three injuries seen on plain films (an atlanto-occipital
dislocation and two subluxations).19 They also describe the case
of a patient with a C

4
fracture—missed on both CT and plain

films—who suffered a severe neurologic injury after removal of
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Table. Harborview High-Risk Criteria

The presence of any of the following criteria indicates a subject at
sufficiently high risk to warrant the initial use of CT to evaluate the
cervical spine.

•  High-energy injury mechanism, including high-speed (> 35
mph) motor vehicle or motorcycle crash, motor vehicle crash
with a death at the scene, fall from height greater than 10 feet.

•  High-risk clinical parameter, including significant head injury
(i.e., intracranial hemorrhage or unconsciousness in emergency
department), neurologic signs or symptoms referable to the 
cervical spine, pelvic or multiple extremity fractures.

Adapted from: Hanson JA, et al. AJR Am J Roentgenol 2000;174:
713-717.
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Figure 1. Cervical Spine Fracture Missed by Computed Tomography (CT)

Figure 1A: Sagittally reformatted CT image of the cervical
spine showing multilevel disc degeneration, but no apparent
bony injury.

Figure 1B: Normal axial CT through the inferior aspect of the
C6 vertebral body.

Figure 1C: Lateral extension radiograph of the cervical spine
in the same patient reveals a fracture of the anteroinferior
aspect of the body of C6.

Images courtesy of Kathryn Stevens, MD, FRCR, BSc(hons).

Figure 1D: Magnified view of the fracture through the C6

vertebral body.

1A 1B
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the cervical collar. Berne et al showed that helical CT of the
entire cervical spine had a sensitivity of 90% and missed two sta-
ble injuries (a ligamentous injury and spinous process fracture).18

The rationale for missed ligamentous injuries on CT is that mod-
erate subluxation may be noted only when evaluating the spine in
profile.23 Though the addition of the lateral radiograph allows for
detection of fractures or subluxation that might be subtle or over-
looked on axial CT images (See Figure 1.), the improved tech-
nology of multi-detector scanners and reformatting may make
this practice unnecessary.38 

The identification of a cervical spine injury on plain films or
CT mandates evaluation of the remainder of the cervical spine
and the thoracic and lumbosacral spine to exclude concomitant
spinal injuries.37 The incidence of multiple level, non-contiguous
fractures has been reported to be 15-24%.39,40 Recent use of MRI
reveals that percentage could be much higher (42%).41

Magnetic Resonance Imaging. MRI has several advantages
as an imaging modality: high-resolution capabilities; the lack of
ionizing radiation; multiplanar imaging capabilities; and the abil-
ity to visualize soft-tissue structures including intervertebral
discs, ligaments, and the spinal cord. Disadvantages of MRI
include prolonged acquisition time, impaired monitoring abili-
ties, and several absolute contraindications (e.g., pacemakers,
aneurysm clips, and metallic foreign bodies). In addition, MRI is
not available universally, and patient transfer might be required
to obtain this study.

In the acute trauma patient with potential cervical spine in-
jury, the indications for MRI as part of the ED evaluation in-
clude: 1) complete or incomplete neurologic deficits with radio-
graphic evidence of fracture or subluxation; 2) neurologic
deficits not explained by plain films or CT findings (i.e., spinal
cord injury without radiographic abnormality [SCIWORA]); 3)
deterioration of neurologic function; and 4) suspicion of liga-
mentous injury following inadequate or negative flexion-exten-
sion film findings.42

Will MRI replace CT as the primary adjunct to plain film
imaging? The ability of MRI to visualize cervical spine fractures
(in addition to spinal cord and soft-tissue injuries) has been vari-
able.43-44 Holmes et al found that MRI missed 45% of osseous
fractures identified on CT.45 While MRI is clearly superior to CT
in identifying spinal cord and ligamentous injuries, CT remains
the preferred adjunct to plain radiography for the identification of
bony injuries.

Diagnosis of Ligamentous Injury
Awake and Alert Patients. Patients without cervical spine

fractures still may harbor unstable ligamentous injuries. Al-
though the prevalence of isolated ligamentous injury in the
absence of a cervical spine fracture is thought to be low—a
reported frequency of 0.04-0.2% in all blunt trauma patients—
the consequences of a missed ligamentous injury can be devastat-
ing for the patient.46,47 The true incidence of such injury is actual-
ly unknown; a gold standard for such diagnosis currently does
not exist. Although traditional cervical spine radiography is use-
ful for detecting fractures and subluxation, the detection of liga-
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Figure 2. Swimmer’s View and Dynamic
Fluoroscopy in a Patient with a Potential
Spine Injury

Figure 2A. Swimmer’s view shows C6-C7 vertebral bodies.
Figure 2B. Fluoroscopic image of extension test shows abnor-
mal angulation and anterior widening of C6-C7 interspace.

Reprinted with permission from Robert KQ et al. South Med J.
2000;93:974-976.
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mentous injury is less precise.48 For that reason, a patient with
normal cervical spine radiography still may remain in a cervical
collar until his or her ligaments can be cleared clinically or defin-
itive imaging is obtained. 

If a patient has negative results on radiographic studies, is
alert and awake, and denies neck pain, the cervical spine is con-
sidered clear. However, the persistence of cervical pain while ini-
tial radiographs are normal requires the exclusion of ligamentous
injury. While ligamentous injury may be inferred on the basis of
an injury seen on CT or plain radiographs, the possibility of liga-
mentous injury causing instability in the absence of fracture may
be excluded through the use of flexion-extension films or MRI. 

Flexion-extension radiographs generally are obtained by ask-
ing an upright patient to actively flex and extend the neck during
cervical spine imaging. This action should be performed only by
patients under their own power; the physician should never
forcibly assist the patient with flexion or extension. Flexion-
extension radiographs should be obtained only in awake, alert,
cooperative patients without neurologic symptoms or deficits.
Under those circumstances, the risk of neurologic compromise
produced by flexion and extension of the cervical spine is very
unlikely. When performed voluntarily by the patient, no serious
adverse events have been reported.37,43,48-51

The goal in interpreting flexion-extension radiographs is to
identify or exclude signs of soft-tissue ligamentous injury, such
as abnormal subluxation, angulation, or uncovering of facet
joints.52,53 However, following an acute injury, pain associated
with motion or muscle spasm may limit a patient’s ability to flex
and extend adequately. A patient must have a range greater than
30° in each direction from the neutral position for flexion-exten-
sion radiographs to be considered adequate.54 The inability to
flex and extend adequately may lead to masking of abnormalities
(e.g., subluxation) and result in false-negative studies. Results
from a number of series have revealed that 28-59% of flexion-
extension radiographs obtained in acutely injured patients were
deemed inadequate.53,55-57

For that reason, the practice of obtaining flexion-extension
radiographs in the acutely traumatized patient has been ques-
tioned by numerous studies.53,57-60 Most recently, the American
College of Radiology stated in its guidelines that those views in
general are not very helpful and should be reserved for follow up
of symptomatic patients 7-10 days after initial injury.8 In such
cases, patients are discharged with a semi-rigid collar and pain
medications, and asked to return when they can cooperate active-
ly for flexion-extension radiographs. In a case series by Wilberg-
er et al, 8 of 62 patients (13%), who returned 2-4 weeks after ini-
tial flexion-extension films for a repeat set, had significant liga-
mentous instability requiring cervical fusion.55 

Do flexion-extension radiographs have any role in the acutely
injured patient? Rather than completely abandoning them, a logi-
cal approach may be to screen the patient first for the ability to
flex and extend the neck adequately. In patients with an adequate
range of motion (i.e., greater than 30° in each direction from the
neutral position), films may be warranted. In such patients with
adequate mobility and negative radiographs, the cervical spine

would be cleared effectively. This strategy is supported by the
findings of Insko et al, who found that in patients with adequate
imaging, flexion-extension radiographs had a false-negative rate
of 0%.57

In cases of inadequate flexion-extension radiographs, patients
also may be studied with an MRI to exclude ligamentous in-
juries. A negative MRI in the first 48 hours post injury com-
bined with normal plain films and/or CT is sufficient to clear a
patient. 

Obtunded Patients. The evaluation of ligamentous injury in
the obtunded or intoxicated individual is somewhat more diffi-
cult. In these patients, a detailed neurologic examination often is
not feasible, and the physical exam may be unreliable. For that
reason, obtunded, impaired, or distracted patients should not
have flexion-extension studies performed in the ED, as such a
practice is unsafe and potentially dangerous. 

However, obtunded patients who are admitted to the hospital
and subject to prolonged immobilization are at risk for detrimen-
tal consequences. Prolonged application of a cervical collar in
obtunded patients has been associated with skin ulceration, inter-
ference with care of neck and shoulder wounds, difficulty with
the placement of central lines, increased risk of aspiration, and
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Figure 3. Adult SCIWORA

Figure 3. MRI image revealing spinal cord contusion in a
patient with spinal canal narrowing at C5-C6 and an osteo-
phyte causing mild impression on the thecal sac. There
was no evidence of ligamentous injury or prevertebral
hematoma. The patient’s CT scan revealed no acute frac-
tures or dislocation.

Image courtesy of S.V. Mahadevan, MD.



patient discomfort.56,61,62 Additionally, the use of cervical collars
alone is not sufficient for immobilizing the cervical spine.63,64

For those reasons, clearance of the cervical spine and removal
of the collar should be performed in a timely manner. No clear
consensus exists as to how to evaluate these patients, and practice
varies greatly as to how to exclude ligamentous injury.1 If a
patient shows clinical improvement, has a clear sensorium, and
can be examined reliably, then a ligamentous injury could be
excluded either clinically or with flexion-extension radiographs.
In a patient who remains obtunded, recommendations vary from
removal of the collar after 24 hours in patients with normal radi-
ographs, to indefinite immobilization in the cervical collar, to
MRI and dynamic flexion-extension under fluoroscopy.47

MRI is highly sensitive for the recognition of ligamentous
injuries, identifying soft-tissue injuries in 25% of obtunded
patients with negative radiographs.51,65 MRI has the added benefit
of being able to exclude spinal cord injuries. A negative MRI
study within 48 hours of injury implies the absence of ligamen-
tous injury. However, MRI may be overly sensitive for the detec-
tion of ligamentous injuries and may reveal injuries of unclear
clinical significance.56 In addition, MRI may not be feasible in
unstable patients due to prolonged scanning times and impaired
monitoring abilities.62

Dynamic fluoroscopy may be used to evaluate for ligamen-
tous injury in obtunded patients who are not candidates for MRI
due to contraindications or instability. (See Figures 2A and 2B).
Unlike MRI, this test may be performed in the critical care unit.37

Unfortunately, dynamic fluoroscopy often is labor intensive and
has the potential to induce secondary neurologic injury. Active
flexion-extension under fluoroscopy places patients at risk for
neurologic impairment due to subluxation at non-visualized seg-
ments or disc abnormalities not demonstrated by radiographs or
CT.66 There are reports of patients who developed quadriplegia
following dynamic fluoroscopic evaluation.47,67

Due to the exceedingly low incidence of isolated ligamentous
instability in obtunded patients with normal radiography, some
authors have suggested that the cervical spine can be cleared
with an adequate lateral view of the cervical spine and a helical
CT from the occiput to T

4
with sagittal and coronal reconstruc-

tions.56 That practice has yet to be validated in a large clinical
trial and is in contrast to the most current Eastern Association for
the Surgery of Trauma (EAST) Guidelines.68

Spinal Cord Injury without Radiographic 
Abnormality (SCIWORA)

Pang and Wilberger defined the term SCIWORA (spinal cord
injury without radiographic abnormality) in 1982 to describe a
syndrome of post-traumatic neurologic injury without evidence
of fracture or ligamentous instability on plain radiographs or
CT.69 Although this syndrome classically is associated with chil-
dren—playing a role in as many as 50% of pediatric spinal cord
injuries—it also may occur in adults.46,62-77 While the clinical pre-
sentations of this syndrome in children and adults may be simi-
lar, the hypothesized mechanisms by which they occur differ.

In the pediatric population, highly elastic ligaments in the

juvenile spine are thought to allow transient intersegmental verte-
bral dislocation followed by spontaneous reduction, resulting in
damage to the spinal cord, but a normal-appearing, bony verte-
bral column.71 Adult patients with degenerative cervical spine
conditions and stenosis of the spinal canal also are at risk for
SCIWORA. In such patients with pre-existing cervical spon-
dylitic changes, hyperextension can lead to pinching of the spinal
cord between vertebral osteophytes and the inward bulging of the
ligamentum flavum. (See Figure 3.) However, Bhatoe reported
another mechanism for SCIWORA in young adult patients who
lacked features of pre-existing cervical spine disease.78 He con-
cluded that acute stretching of the spinal cord from hyperflexion
and torsional strain leads to SCIWORA in these patients. 

Patients with SCIWORA often present with profound or pro-
gressive paralysis, either immediately or within 48 hours of a
traumatic incident. While a significant number of patients have
demonstrable neurologic deficits at time of presentation, others
may present with transient or delayed symptoms. Pang et al
found that almost 52% of the patients in their study with SCI-
WORA had a delayed onset of neurologic deficits ranging from
30 minutes to 4 days.70 A number of these children had transient
warning symptoms immediately following their trauma that had
been ignored initially.70 The observation of delayed deterioration
by different investigators highlights the importance of screening
patients for SCIWORA warning signs, such as transient weak-
ness, paresthesias, numbness, shock-like sensations, or focal
clumsiness following a traumatic event.71,79 Although the initial
neurologic exam may be unremarkable, frequent patient re-
assessment may detect an evolving neurologic condition. Results
from one study showed that several adult patients had normal ini-
tial neurologic exams and later developed neurologic deficits.46

Hendey et al in their review of the NEXUS database found
that the NEXUS criteria also were useful in identifying all 27
patients with SCIWORA.77 The criteria may have a role in identi-
fying patients at reduced risk for SCIWORA, although that has
not been validated prospectively. 

When Pang and Wilberger originally defined SCIWORA,
MRI did not exist.80 With its advent, some authors note that the
term SCIWORA now may be a misnomer because most patients
actually have a demonstrable radiographic spinal cord abnormal-
ity seen on MRI.74 MRI has revealed such findings as spinal cord
hemorrhage or edema, intervertebral disc herniation, and spinal
cord transection. Occasionally, the MRI may be normal. 

In their series, Pang and Wilberger reported that the primary
predictor of neurologic outcome in SCIWORA was the present-
ing neurologic status.69 More recent studies have revealed that
the appearance of the spinal cord on MRI provides better prog-
nostic information regarding the patient’s ultimate neurological
outcome.79 A normal-appearing spinal cord (i.e., absence of sig-
nal change) portends an excellent outcome; the presence of
edema or microhemorrhages without frank hematomyelia (hem-
orrhage into the spinal cord) is associated with significant im-
provement of neurologic function over time; and the presence of
hematomyelia or cord transection is associated with severe, per-
manent neurologic injury.80-82
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Conclusions
The evaluation and clearance of the cervical spine in adult

trauma patients are challenging and evolving aspects of trauma
care. Trauma care providers should have a thorough understand-
ing of risk factors for cervical spine injury, techniques for pro-
tecting patients from exacerbation of their injuries, advances in
the practice of clinical and radiographic clearance of the cervical
spine, and the diagnosis of such conditions as isolated ligamen-
tous injury and SCIWORA syndrome. 

With adequate training, improved detection, and proper care,
physicians can prevent the life-altering complications of cervical
spine injury such as neurologic injury, severe disability, and death.

Special thanks to Kathryn Stevens, MD, FRCR, BSc (hons),
Assistant Professor of Radiology, Department of Radiology, Stan-
ford University School of Medicine, for her contributions to this
article.
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CE/CME Questions
1. Which of the following statements is true regarding the role of com-

puterized tomography (CT) in evaluating patients for cervical spine

injury?

A. CT of the cervical spine may be able to detect cervical spine 

injuries not readily apparent on plain radiographs.

B. CT of the cervical spine should be obtained in all blunt trauma 

patients to exclude injury.

C. CT is highly sensitive for the detection of ligamentous injury.

D. CT imaging of the cervical spine poses a lower radiation risk to 

patients than plain radiographs.

2. Which of the following statements is true regarding plain radio-

graphs of the cervical spine? 

A. A single lateral view is sufficient to exclude cervical spine 

injury.

B. The routine addition of oblique views (five-view series) signifi-

cantly improves the sensitivity.

C. The routine addition of flexion-extension views is not indicated 

unless there is specific concern for ligamentous injury.

D. The frequency of inadequate or false-positive films decreases 

with injury severity.

3. Which of the following is not an indication for cervical spine MRI as

part of the ED evaluation?

A. Cervical spine fracture or subluxation with neurologic deficit

B. Suspected Spinal Cord Injury without Radiographic Abnormali-

ty (SCIWORA)

C. Deterioration in neurologic function

D. Suspicion of cervical spine ligamentous injury

E. All of the above are indications for MRI.

4. Which of the following statements is true regarding flexion-

extension films?

A. Flexion-extension films are obtained while the clinician actively 

flexes and extends the neck of the acutely injured patient.

B. Flexion-extension films may be obtained safely in obtunded or 

comatose patients.

C. Flexion-extension films are extremely efficient in completely 

excluding ligamentous injury in the acutely injured patient.

D. Flexion-extension films are unlikely to produce neurologic 

injury when obtained in the alert, cooperative patient.

5. Spinal Cord Injury without Radiographic Abnormality (SCIWORA):

A. is an entity only found in the pediatric patient.

B. occurs in adults by the same mechanism as in children.

C. often presents with profound or progressive paralysis either 

immediately or within 48 hours.

D. may be excluded with an initial normal neurologic examination.

6. Which of the following statements is not true regarding plain 

radiographs for a patient with a potential cervical spine injury?

A. Plain radiographs are inexpensive.

B. Plain radiographs in the severely injured or unconscious patient 

are all that is needed to exclude a spinal injury.

C. Frequently, the cervicocranial area is viewed inadequately on a 

plain radiograph.

D. Plain radiographs are repeated in almost 50-70% of severely 

injured or unconscious patients to obtain an adequate study.

7. Which of the following is an advantage of helical CT vs single

acquisition CT?

A. Faster image acquisition

B. Faster image reconstruction times

C. Reduction of image artifacts

D. Higher quality reformatted and three-dimensional images

E. All of the above

8. Which of the following statements is true regarding the initial use of

CT to evaluate the cervical spine?

A. High-risk clinical parameters, including a history of loss of 

consciousness, warrant the initial use of CT scan to evaluate the 

cervical spine.

B. High-energy mechanisms, warranting the initial use of CT scan 

for the evaluation of the cervical spine, include high-speed (> 35 

mph) motor vehicle or motorcycle crashes.

C. High-energy mechanisms, warranting the initial use of CT scan 

for the evaluation of the cervical spine, include a fall from 8 feet.

D. High-risk clinical parameters include a history of amnesia for 

the event following a fall from 6 feet.

9. A 35-year-old male presents to the ED following a motorcycle crash.

He is unconscious and has a GCS score of 10. The patient was intu-

bated in the field with appropriate spinal immobilization, which has

been maintained. Following stabilization of the patient, which of the

following would be the best initial test to evaluate the cervical spine?

A. Flexion-extension radiographs
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B. Oblique plain radiographs of the cervical spine

C. MRI

D. CT scan of the cervical spine

10.A 38-year-old female presents after a fall from a chair. She has a

GCS score of 15 and no neurologic deficits. The initial radiographs

(lateral, anterioposterior, and open-mouth view) are read by the radi-

ologist as normal. She is complaining of neck pain. The patient has

less than 30° of motion in both flexion and extension from the neu-

tral position. The next step should be to:

A. administer diazepam and actively flex and extend the neck.

B. obtain a CT scan of the cervical spine.

C. discharge the patient in a semi-rigid collar with careful instruc-

tion and follow-up.

D. have the physician forcibly assist the patient during flexion-

extension radiographs to obtain adequate radiographs.

Answer Key:
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