
Virtually all children and adolescents participate in athletics or
physical activity, whether it be
on a highly competitive level or
playground or backyard play.
There are many well established
benefits to athletic participation,
among them being improved
health, a sense of team and indi-
vidual accomplishment, the pro-
motion of self esteem, and the
improvement and refinement of
fine and gross motor skills.1,2

Despite the tremendous benefits
of athletic participation, there
are inherent risks to any athletic
endeavor, whether the activity is organized or spontaneous. Addi-
tionally, because there are more children and adolescents partici-
pating in sports, there are, due to sheer numbers, more injuries.
With the growing interest in extreme sports (such as skateboarding
and motocross) and non-traditional sports (e.g., rock climbing),
there are even higher risks involved than before. Because they are
still growing and acquiring motor and cognitive skills, pediatric

and adolescent athletes are at higher risk for injury than adult ath-
letes. This article will focus on
some of the more common and
acute issues affecting the pedi-
atric and adolescent athlete. This
will include closed head trauma
(specifically concussions), spinal
cord injuries, and injuries to the
axial and appendicular skeleton
(shoulder, hip, knee, hand). 

— The Editor

Introduction
Sports have been divided

into different groups based on
the amount of contact involved or probability of contact.3 Colli-
sion sports such as football, ice hockey, rugby, martial arts, box-
ing, and rodeo involve a purposeful and forceful collision with
another player or object (such as the ground). Sports like basket-
ball and soccer are thought to involve less contact and force when
there is a collision than that seen in football or ice hockey. At
times it can be difficult to distinguish what is truly a contact or
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collision sport because of the amount of physical play involved. 
There are estimates that in 2005-06 at least 7.2 million high

school students participated in athletics, up from 4 million in the
1971-72 school year.4 High school athletes have been reported to
account for around 2 million injuries, 500,000 physician visits,
and 30,000 hospital admissions annually.5

In the 0-9 age group, bicycle and playground injuries, along
with scooter and trampoline injuries, are common. In the 10-19
age group, football, basketball, and bicycle riding contribute to
the majority of injuries in males, while basketball injuries are
predominant in females. Males ages 10-14 have the highest rates
of injury overall.6

It is thought that more than 3.5 million children age 14 and
younger seek medical treatment for sports-related injuries each
year.7 Most injuries occur during unorganized and informal
activities, and result from a fall, collision, overexertion, or
impact with an object. Death from sports-related activities are
rare and is generally associated with brain injury. Sports in
which a helmet is strongly recommended (bicycle riding, skat-
ing, and skateboarding) contribute to the majority of sports and
recreational related head injuries. 

In addition to the well known association of contact sports
(such as football) with severe head trauma, baseball and softball
were found to have a relatively high fatality rate, primarily as a
consequence of head trauma.8

Initial Assessment
All traumatic sports-related injuries have the potential for signifi-

cant morbidity. Therefore, primary attention must be directed to the
establishment and maintenance of the airway, spinal immobiliza-
tion, and evaluation of the cardiovascular system. Adherence to
ATLS (Advanced Trauma Life Support), PALS ( Pediatric
Advanced Life Support), and ACLS (Advanced Cardiac Life Sup-
port) protocols takes precedence before the assessment of any sec-
ondary injury. The player should be on supplemental oxygen; an air-
way should be established if necessary; intravenous access should
be obtained; and, based on the mechanism, the player should be put
in cervical spine immobilization with a collar and long backboard. 

Head Injuries
It has been estimated that in the United States pediatric and

adolescent athlete population there are at least 300,000 head
injuries each year,9,10 and approximately 20% of all reported
pediatric head injuries are thought to be attributed to sports-relat-
ed activities.11,12 The ultimate goal in the management of the
head injured pediatric or adolescent athlete is to correctly assess
and manage the patient. To do this, pertinent elements of the his-
tory and physical exam must be ascertained.

Sports such as football, rugby, ice hockey, soccer, baseball,
softball, volleyball, boxing, martial arts, wrestling, surfing, skate-
boarding, and equestrian events have inherently higher risks of
head injury. In the United States, organized sports such as football
and ice hockey are well known to have a significantly higher inci-
dence of head injury than other sports. Game conditions, as
opposed to practice conditions, contribute to higher incidences of
concussion, with the exception of volleyball or cheerleading.13

Head injuries can be the result of a direct blow to the head or
a combination of rotational and translational acceleration.14

Acute trauma to the brain will result in either a focal injury
(such as an epidural hematoma, a subdural hematoma, intra-
parenchymal hemorrhage, subarachnoid hemorrhage, or cerebral
contusion) or diffuse damage (such as a concussion or diffuse
axonal injury). Focal lesions require emergent care and interven-
tion. The subdural hematoma is the most common focal brain
injury and cause of sports-related fatalities; 87% of all football-
related fatalities occur as a result of a subdural hematoma.13,14

Epidural hematomas, with their brief loss of consciousness
followed by a lucid phase and subsequent decompensation, also
are of significant concern. Diffuse axonal injury results from the
shearing of white matter tracts from the cortex to brain stem.15,16

Concussion
Concussion is the most common type of head injury in the

pediatric and adolescent athlete. There are many definitions, with
the American Academy of Neurology stating that a concussion is
a trauma-induced alteration in mental status that may or may not
involve a loss of consciousness.17 A concussion also has been
described as a mild traumatic brain injury that is caused by an
impact or jolt to the head or as an immediate and transient
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impairment of neural function due to mechanical force.18-20

Athletes may present with confusion, memory loss (antero-
grade and/or retrograde), alteration in mental status, decreased
level of consciousness, headache, inability to process informa-
tion, decreased attention span, and lack of coordination.

Common findings in a concussion include both somatic and
behavioral changes. Headache, dizziness or balance problems,
nausea and vomiting, a foggy or dazed sensation, visual or hear-
ing difficulty, emotional lability, and fatigue often are seen. 

Confusion and amnesia have been established as the most promi-
nent and consistent features of a concussion and can be immediate or
delayed in onset. The athlete will have an inability to maintain a
cogent stream of thought or to carry out a sequence of tasks. He/she
will not be able to readily concentrate on items and is easily distracted. 

Physical exam may reflect an impaired level of consciousness
with an altered Glasgow Coma Score, lack of balance or coordi-
nation, a history of post traumatic seizure, unsteady gait, sluggish
response to questions or commands, slurred speech, poor concen-
tration, a glassy stare, personality changes, and a decreased abili-
ty to play at the usual level. 

The neurologic examination, with a focus on the mental sta-
tus, is the key to assessing orientation, attention, concentration,
and memory.10 Orientation includes time, place, questions about
opponents, plays, teammates, and the circumstances of the
injury. Concentration can be assessed by the patient’s ability to
recite numbers in reverse order. Memory can be tested by appris-
ing the patient’s ability to recall past opponents, what plays were
called, or major news events or prominent people. 

There are a number of classification schemes for concussions.
Some focus on duration of confusion and post traumatic amne-
sia, while others emphasize a loss of consciousness.17,21,22 All
grading scales agree that the hallmarks of a concussion are con-
fusion and amnesia. 

Loss of consciousness may be fairly simple to establish if
there are multiple witnesses to the event. There is more difficulty
in recognizing head injury in cases in which there is no loss of

consciousness but rather a
change in the level of alert-
ness. The vast majority of
head injuries, and therefore
concussions, fall into this
less defined category; 90%
of concussions have no
documented loss of con-
sciousness but rather a tran-
sient period of post trau-
matic amnesia or loss of
mental alertness.23

The common classifica-
tion systems are presented in
Table 1: Cantu classification
system, Colorado Medical
Society classification system,

and the American Academy of Neurology classification system. 
A more recent classification scheme has been proposed in

which concussions would be categorized into simple or com-
plex.24 Grading scales would not be used. The focus would be on
combined measures of recovery to determine injury severity
(and/or prognosis). (See Table 2.) In a simple concussion, the ath-
lete would have suffered an injury that resolved without compli-
cation over a 7- to 10-day period. No further intervention would
be required and the athlete could resume normal activities with-
out consequence and would not require subspecialty follow-up.
The key with simple concussions would be rest until all symp-
toms have resolved and then a graded program of exertion before
a return to the sport. In a complex concussion, the athlete will have
persistent symptoms (including symptom recurrence with exertion),
specific injury (such as loss of consciousness over one minute), or
prolonged cognitive impairment. This complex concussion group
also includes those with multiple concussions or those who have
repeated concussions with less force. More extensive testing is
required in this group, along with subspecialty consultation. 

Post Concussive Syndrome. With post concussive syn-
drome, there is a vast array of symptoms with a normal neuro-
logic exam. 

Athletes may have headaches, dizziness, visual complaints,
fatigue, and difficulty sleeping, along with disrupted memory
and concentration abilities. Further neuropsychologic evaluation
should be undertaken, which may include imaging. 

Second Impact Syndrome. The second impact syndrome is a
rare condition in which an athlete sustains a second concussion
before recovering completely from the first. This can lead to fatal
brain swelling or permanent brain injury and can occur after
apparently minor head trauma or, in some cases, no known histo-
ry of trauma.25,26

It is thought that cerebral autoregulation is altered by the first
injury, allowing cerebral edema to develop rapidly after a second
relatively mild injury. Disruption of brain metabolism, with
increased glucose demands and decreased cerebral blood flow,
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CANTU CLASSIFICATION21

Grade I No loss of consciousness Post traumatic amnesia less than 30 min
Grade II Loss of consciousness less than 5 min Post traumatic amnesia greater than 30 min
Grade III Loss of consciousness greater than 5 min Post traumatic amnesia greater than 24 hours

COLORADO MEDICAL SOCIETY22

Grade I No loss of consciousness Confusion without amnesia
Grade II No loss of consciousness Confusion with amnesia
Grade III Loss of consciousness of any duration

AMERICAN ACADEMY OF NEUROLOGY17

Grade I No loss of consciousness Transient confusion Concussion symptoms or mental status 
changes resolving in less than 15 min

Grade II No loss of consciousness Transient confusion Concussion symptoms or mental status 
changes lasting more than 15 min

Grade III Loss of consciousness of any duration

Table 1. Concussion Classifications



causes injury to some neurons and leaves others vulnerable to fur-
ther injury.10

Return-to-Play Parameters
There are no nationally accepted guidelines regarding the man-

agement of sports-related concussions. No widely accepted stan-
dardized criteria exist for grading concussions, and difficulty in
determining whether a player has sustained a concussion also has
been an issue. There is great debate as to how many concussions
are too many, and return-to-play parameters vary according to the
classification system used to grade the concussion. (See Table 3.) 

Spinal Cord Injuries 
In all collision or contact sports there is a risk of spinal cord

injury. In pediatrics, sports injuries are thought to be the second
most frequent cause of spinal injuries, after motor vehicle acci-
dents.27,28 By age 8, the pediatric athlete is very similar in propor-
tion to an adult; therefore, spinal injuries become more common.29

A complete spinal cord lesion involves all of the tracts of the
spinal cord with bilateral and equal neurologic deficits. Injuries
with unequal deficits are known as incomplete spinal cord lesions.
The incomplete lesions usually can be grouped into anterior cord,
central cord, and Brown-Séquard syndromes.

The central cord syndrome is the most common incomplete
spinal cord lesion; it results from a forced hyperextension injury. A
concussion or contusion to the central region of the spinal cord is sus-
tained when the ligamentum flavum is pushed into the spinal cord.
The hallmark of this injury is weakness that is greater in the upper
extremities than the lower extremities, with variable sensory loss.

The anterior cord syndrome is seen when there is damage to
the anterior portion of the spinal cord from either a mechanical or
vascular injury. Herniation of a disc, extension of bony fragments,
and contusion to the cord, as well as injury to the anterior spinal
artery all can cause damage to the anterior spinal cord.

Deficits include distal motor paralysis, loss of distal pinprick,
pain, and temperature perception but preservation of vibration,
pressure, light touch, and proprioception. 

Brown-Séquard syndrome is a hemi-section of the spinal cord,
usually from a penetrating lesion. The deficits include ipsilateral
loss of proprioception and motor function, with contralateral loss
of pain and temperature sensation. 

Spinal Cord Injury Without Radiographic Abnormality
(SCIWORA). In SCIWORA, there are neurologic deficits with

no radiographic abnormalities. It is thought that the mechanism
of injury is due to the elastic nature of the juvenile spine, which
allows for self reducing but significant intersegmental displace-
ments when forced in flexion, extension, and distraction. Even
though the vertebral column is not disrupted, the spinal cord is
susceptible to injury; the injury pattern is seen in a much higher
frequency in those younger than age 8.30,31 The initial clinical
presentation predicts the eventual neurologic outcome. A signifi-
cant injury will result in a poor prognosis, while moderate or
minor injuries will have a good prognosis. 

“Stinger” or “Burner”
Trauma to the neck or shoulder from a fall or collision can

result in a stinger or burner. The injury causes stretching or com-
pression of the upper trunk of the fifth and sixth brachial plexus
nerve roots in the neck and shoulder. The hallmark is burning
pain that radiates down an upper extremity, with associated
numbness, tingling, and/or weakness. 

Stingers are considered common injuries but there is no accu-
rate data on the true incidence of the injury because many play-
ers don’t report the injury to the training staff or physician.32-34

Stingers typically are seen in collision sports, especially in foot-
ball, as the result of tackling another player. Injuries also are
seen with other sports such as hockey, gymnastics, wrestling,
and surfing, although not with the same frequency. 

There are a number of ways in which a burner or stinger is
sustained. Stretching of the brachial plexus will occur when the
shoulder is depressed and the neck is laterally flexed away in the
opposite direction. A percussive injury will be sustained when
there is a direct blow to the supraclavicular fossa. Neck hyperex-
tension and ipsilateral lateral flexion will cause nerve compres-
sion.35 The stretching mechanism tends to be seen more often in
the younger athlete. 

The key when evaluating this type of injury is to make sure
that there is no cervical spine injury or more serious neurological
injury. Stingers will involve only one upper extremity, while
spinal cord injuries may involve multiple extremities. If there is
cervical spine tenderness, bilateral extremity involvement, or
lower extremity involvement, the player must be treated as if
there is a possible cervical spine injury or spinal cord injury. 

Examination may find the player favoring the affected extremity
or shaking the extremity. There may be tenderness and spasm.
Motor deficits can be seen in the muscles innervated by the C5 and
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Simple Resolution from injury without No further symptoms No subspecialty follow-up required. Rest until symptom resolution,
complications in 7-10 days No further intervention necessary. graded program of exertion

before return

Complex Persistent symptoms, specific Symptom recurrence Subspecialty consultation with Multiple concussions or repeti-
injury (loss of consciousness with activity more extensive testing tive concussions with less force 
over one minute), prolonged than the original injury
cognitive impairment

Table 2. Simple Versus Complex Concussions24



C6 nerve roots (deltoid, supraspinatus, infraspinatus, biceps, prona-
tor teres). Spurling’s test involves passively hyperextending the neck
and then laterally flexing the neck toward the involved side. If the
axial load reproduces the symptoms, the test is considered positive.35

Imaging with plain films should be obtained in athletes when
a fracture is suspected. MRI or CT scan can be done if the injury
is thought to be more extensive. 

The tingling, burning and loss of strength usually are tran-
sient, and, in most cases, will spontaneously resolve. Sometimes,
however, complete resolution can take weeks or months. Rest,
ice, nonsteroidal medications, and physical therapy may all be
useful in the treatment of the stinger. 

Shoulder Injuries
The shoulder consists of three bones: the clavicle, scapula, and

humerus. In addition, there are a number of involved muscles, ten-
dons, and ligaments. There are three joints in the shoulder: the
glenohumeral joint, acromioclavicular (AC) joint, and sternoclav-
icular joint. Two of these, the glenohumeral and AC joints, enable
movement. The shoulder has the most mobility of all the joints in
the body, but this inherent mobility makes the shoulder highly sus-
ceptible to injury. 

The glenohumeral joint is the focal point of the shoulder. This
ball and socket joint is formed by the humerus and scapula. The
rounded medial anterior humerus and the lateral dish shaped gle-
noid of the scapula are the points of articulation. The joint allows
for circular movement of the arm and also allows the arm to hinge
out, up and away from the body. The glenohumeral joint is encap-
sulated, with attachments to the scapula, humerus, and biceps head.
Further reinforcement comes from the coracohumeral ligament and
the glenohumeral ligaments. 

The rotator cuff is comprised of the supraspinatus, infraspinatus,
teres minor, and subscapularis muscles and their associated tendons.
The rotator cuff assists in keeping the humerus in the glenoid socket
and reinforces strength and enhances mobility of the shoulder joint. 

Examination of the shoulder involves visual inspection, pal-
pation, and range-of-motion and neurovascular assessment. Both
shoulders should be compared against each other for asymmetry.
Tenderness on palpation of the AC joint suggests acromioclavic-
ular injury. Range of motion in forward flexion, abduction, inter-
nal rotation, and external rotation must be evaluated. 

Acromioclavicular Separation/Dislocation. Acromioclavic-
ular separation/dislocation occurs when there is subluxation or
dislocation of the AC joint. 

This injury is usually the result of a fall onto an outstretched
hand or direct trauma to the top of the shoulder or acromion,
leading to misalignment of the distal clavicle with the acromion.
Contact sports such as hockey, football, wrestling, and rugby
have a high prevalence of these injuries.36-38 The pediatric and
adolescent athlete will more likely fracture the clavicle rather
than separate or dislocate the acromioclavicular joint.

The physical exam will be significant for tenderness with or
without swelling over the AC joint. There also will be pain when
lifting the arm. Elevation of the distal clavicle may be seen. 

There are six grades for AC joint dislocation, based on the
Rockwood classification. The first three types usually are consid-
ered nonoperative.37 The types are grouped according to ligament
injury, joint capsule integrity, position of the clavicle, and damage
to the trapezius and deltoid. In Type I injuries, the acromioclavicu-
lar ligaments are incompletely torn, the joint capsule is intact, and
the coracoclavicular ligament and deltoid and trapezius remain
intact. X-rays will be normal even with stress views. In Type II
injuries, the acromioclavicular ligaments are torn; the joint capsule
is injured, with slight detachment of the deltoid and trapezius; and
the coracoclavicular ligament is sprained but still intact. Radi-
ographs will show a misalignment of the inferior borders of the dis-
tal clavicle and the acromion process separated less than half of the
diameter of the clavicle. Type III injuries involve tears of both the
acromioclavicular and coracoclavicular ligaments, joint capsule
damage, and detachment of the deltoid and trapezius, as well as
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CANTU GUIDELINES 21

1ST CONCUSSION 2ND CONCUSSION 3RD CONCUSSION

Grade I Return to play if asymptomatic and Return to play in 2 weeks if asympto- Season over, can return the following
with no previous concussion history matic for at least 1 week year if asymptomatic

Grade II Return to play if asymptomatic for Return to play in 1 month if asympto- Season over, can return the following 
1 week matic for at least 1 week year if asymptomatic

Grade III Return to play in 1 month if asympto- Season over, can return the following
matic for at least 1 week year if asymptomatic

COLORADO MEDICAL SOCIETY GUIDELINES 22

1ST CONCUSSION 2ND CONCUSSION 3RD CONCUSSION

Grade I Return to play if asymptomatic for Restricted from play for the day Season over, return to play if asympto-
20 minutes matic for 3 months

Grade II Return to play if asymptomatic for Season over, but potential return to play Season over, may return the following 
1 week if asymptomatic for 1 month year if asymptomatic

Grade III Return to play after 1 month if asympto- Season over and player should be 
matic for at least 2 weeks discouraged from contact sports

Table 3. Return-to-Play Parameters 



dislocation of the AC joint and elevation of the clavicle. X-rays will
show that the clavicle is separated by more than half of the diame-
ter of the acromion process. When compared to the uninjured side,
there will be widening of the AC and coracoclavicular (CC) joint
spaces on AP (anteroposterior) views done with the patient stand-
ing, along with misalignment of the inferior border of the clavicle
in relation to the inferior border of the acromion process. 

Type IV, V, and VI involve larger ligament tears that can be
associated with bayoneting or impalement through the trapezius,
resulting in more instability of the clavicle.

Management of AC joint dislocations involves immobilizing the
affected shoulder with a sling and referring Type II and III injuries for
follow-up. Types IV, V, and VI often require surgical intervention.

Shoulder Dislocation. The shoulder is the most commonly
dislocated major joint in the body. It usually occurs from direct
trauma and can be seen with any sort of athletic activity ranging
from football to surfing. The adolescent population has a higher
frequency of dislocations when compared to the younger pedi-
atric population, because the epiphyseal plates in the younger
patient will fracture before dislocating.39

Anterior dislocations are by far the most common type of dis-
location, representing approximately 95% of dislocations, with
posterior dislocations representing 4%, and inferior dislocations
(luxatio recta) 0.5%. Anterior dislocations are almost always the
result of a traumatic injury, and are usually seen when there has
been a fall on an externally rotated abducted arm or when there
has been force in abduction, extension, and external rotation.
There also may be a history of feeling the shoulder slipping out,
followed by intense pain.40-44

In an anterior dislocation, the contour of the shoulder will
appear squared off or flattened, with the acromion prominent and
the humeral head palpable anteriorly. The arm will be in slight
abduction and externally rotated, with the elbow flexed, and the
forearm internally rotated. The humeral head will be palpable
anteriorly. Abduction and internal rotation are extremely uncom-
fortable. Neurovascular assessment is essential with evaluation of
the axillary nerve (as sensation over the deltoid may be affected)
and evaluation of pulses. 

Radiographs of the shoulder typically are anterior posterior
views and lateral views in internal and external rotation and either
an axillary or scapular Y-view. In an anterior dislocation the humer-
al head most often is in the subcoracoid position. The scapular Y
view will demonstrate the humeral head anterior to the Y, and the
axillary view will show it displaced anteriorly off of the glenoid. AP
views may show a Hill-Sachs lesion, which results when the edge of
the glenoid causes an impaction fracture to the posterolateral aspect
of the humeral head. MRI can show a Bankart lesion, which may
cause shoulder instability because of an anterior labral tear.

Reduction of Shoulder Dislocations. To reduce a shoulder
dislocation, pain management and relaxation are essential. Con-
scious sedation with various agents can help to relax the patient
and improve the chances of a successful procedure. 

Stimson’s Method. The patient is prone with the dislocated

arm hanging over the side of the bed. Traction is applied above
the wrist or above the elbow by another person or freely sus-
pended weights can be attached to the wrist. As the muscles of
the shoulder relax, reduction will take place. 

Traction — Countertraction. The patient is supine and axial
traction is applied to the arm with a sheet wrapped around the
forearm and the elbow bent at 90 degrees. Another person
applies countertraction using a sheet wrapped under the arm and
across the chest while the shoulder is gently rotated internally
and externally to disengage the humeral head from the glenoid. 

External Rotation. With the patient supine or upright, stabi-
lize the elbow against the trunk. Adduct the arm, and with the
elbow flexed at 90 degrees, gradually rotate the arm externally. 

Scapular Rotation. With the patient prone, use manual trac-
tion or place hanging weights on the wrist. Rotate the inferior tip
of the scapula medially and the superior aspect laterally. 

Management. Following successful reduction, arrangements
for orthopedic follow-up should be done within 1 week. The
patient should remain in a shoulder immobilizer or with a sling and
swathe until orthopedic follow-up, and be cautioned not to remain
immobilized for longer due to the risk of adhesive capsulitis. The
patient should avoid abduction and external rotation of the arm. 

Hip Pointer
A hip pointer is the result of blunt trauma from either a fall or

direct blow to the iliac crest. There can be a contusion to the iliac
crest, the greater trochanter of the femur, or to the surrounding
soft tissue, virtually always with a history of acute injury. A hip
pointer can occur in almost any sport in which blunt trauma to the
hip can be sustained. It is seen with greater frequency in collision
sports, such as football and ice hockey, but also can occur in bas-
ketball, volleyball, soccer, and gymnastics, among others.45-47

As with any injury to the pelvic region, assessment for blunt
abdominal trauma must be a priority. Edema or ecchymosis can be
present in the affected area. Tenderness over the iliac crest or greater
trochanter can be elicited, and range of motion can be limited as a
result of pain and discomfort. Sensation will be intact, although
examination of motor strength and gait may be limited due to pain.

X-rays of the hip and pelvis can be obtained if there is a sus-
picion of fracture. Additionally CT imaging of the abdomen and
pelvis can be performed if associated intraabdominal injuries are
suspected.

Treatment involves rest, ice, anti-inflammatory and pain med-
ications, as well as crutches and weight bearing as tolerated. 

Knee Injuries
Knee injuries are some of the most common sports-related

injuries presenting to the emergency department. Damage can
occur to the bony structures comprising the knee, as well as the
ligaments, muscles, tendons, or menisci. 

The knee joint is the largest joint in the body and is one of the
most susceptible to injury. Significant force vectors and stressors
are placed on this joining point of the tibia and femur where there
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is minimal bony protection. Movement can be in extension, flex-
ion, and slight rotation.

The tibiofemoral articulation and the patellofemoral coupling
form the joints of the knee. The primary articulation points of the
knee are the femoral and tibial condyles, with opposing condyles of
the femur and tibia supporting weight bearing forces. The lateral
meniscus and a smaller and more fixed medial meniscus are locat-
ed between the tibia and femur. They form the largest synovial joint
in the body and the menisci serve to enhance the articulation areas
and assist in lubrication and cushioning of the joint.48-53

The medial collateral ligament (MCL) and the lateral collater-
al ligament (LCL) provide stability to the sides of the knee joint.
These ligaments are extra capsular, with the MCL preventing
extreme abduction and valgus forces and the LCL limiting
adductive and varus stresses. Stabilization of the front of the
knee is provided by the anterior cruciate ligament (ACL), by
limiting anterior movement of the tibia on the femur The posteri-
or cruciate ligament (PCL) provides posterior stability and pre-
vents the tibia from shifting posteriorly on the femur. 

The extensor apparatus is formed by the quadriceps muscles
and it envelopes and stabilizes the patella. Distally, the quadri-
ceps consolidates into the patellar ligament and then inserts into
the tibial tubercle. 

The prepatellar, superficial, and deep infrapatellar and pes
anserinus bursae envelop the knee and permit friction-free move-
ment between structures. 

Physical Examination. Exam of the knee includes assessing
the general appearance and evaluating for tenderness and range of
motion. Visual inspection must include looking for ecchymosis,
erythema, edema, and loss of landmarks, as well as the presenta-
tion of the knee in a resting position. Palpation of the bony struc-
tures and soft tissues is then performed. Tenderness should be
assessed along the joint line, patella, femur, and tibia, as well as
along the quadriceps and patellar tendons. Range of motion also
must be evaluated. Normal flexion is 125-135 degrees and normal
extension is 0 to 5-15 degrees above the horizontal plain. Neu-
rovascular status also must be evaluated. 

Evaluation of the Anterior Cruciate Ligament (ACL). ACL
tears are the most severe of the knee injuries.54-56 An ACL tear
can occur alone or in conjunction with a meniscal injury or a
MCL tear. There is immediate and severe pain and the patient is
not able to ambulate. The usual mechanism is twisting on a
hyperextended knee. Female athletes have been noted to have an
increased risk of sustaining ACL injuries.57

The three tests used to evaluate the ACL are the Lachman
test, anterior drawer test, and MacIntosh test (pivot shift test). 

The Lachman test is the most sensitive test for ACL rupture.49

The patient is placed supine, with the affected knee in 10 to 20
degrees of flexion. One hand stabilizes the distal femur. The other
hand holds the posterior aspect of the proximal tibia just below
the popliteal fossa, with the thumb over the anterolateral joint
line. The proximal tibia is pulled anteriorly, with any laxity or dis-
placement with anterior force being considered a positive test. 

In the anterior drawer test, the patient is placed supine with the
hips flexed at 45 degrees, the knee flexed at 90 degrees, and feet
flat on the surface. With the affected leg’s foot anchored in place,
grasp the lower leg above the calf with both hands and pull firmly
forward (anterior). Laxity in the anterior plane suggests a ruptured
ACL. The pivot shift test or MacIntosh test also assesses ACL
injury. In this test, the patient is placed in the supine position, with
the injured knee extended and the affected tibia rotated internally.
With valgus stress to the proximal tibia of the injured knee, the
knee is then flexed. Any “clunk” felt at 30 degrees of flexion is
considered a positive test. 

Evaluation of the Posterior Cruciate Ligament (PCL). PCL
tears usually are seen when there is direct trauma to the anterior
region of the knee or if there is a fall onto a flexed knee. There
are generally associated injuries to the knee. A significant valgus
force will create the “terrible triad” consisting of a MCL tear, an
ACL tear, and meniscus injuries.

In the posterior drawer test, with the patient supine and the
hips flexed at 45 degrees, the injured knee is flexed 90 degrees.
Posterior force is applied to the tibia. Any posterior translation
indicates PCL injury. 

The posterior sag sign also indicates PCL injury. The patient
is placed supine with the hips flexed at 45 degrees and the knee
at 90 degrees. The lateral view may show posterior translation of
the tibia on the femur if there is a PCL injury and the tibial
plateau may drift below the plane of the patella.

With the PCL sulcus test the patient will sit and have the knee
at 90 degrees and hanging over the edge of the chair. There may
be a widened space palpated between the tibial plateau and the
femur if there is a PCL injury. 

Evaluation of the Collateral Ligaments. Valgus stress tests will
assess the integrity of the medial collateral ligaments (MCL), and
varus stress tests will evaluate the lateral collateral ligaments
(LCL). With the patient supine, the injured leg is allowed to hang
over the table edge. The knee is then evaluated in full extension (0
degrees) and in 30 degrees of flexion. The lower thigh is stabi-
lized with one hand and stress is then applied to the ankle or foot
region in a gentle rocking motion. If there is laxity at 30 degrees
with valgus force, then there is a MCL injury; if there is laxity at
0 degrees, there is a combined MCL and ACL/PCL injury. With
varus or medial force, laxity at 30 degrees suggests LCL injury
and at 0 degrees, a combined LCL and ACL/PCL injury. 

Evaluation of the Meniscus. Meniscal injuries are the most
common knee injuries. They will occur with twisting injuries in
which there is rotation of the tibia with the knee in flexion or
extension. There may be a history of an immediate painful sen-
sation or there can be an intermittent or a locking sensation. An
effusion with localized pain to the meniscus also can be present,
as well as an associated ACL tear.

McMurray’s test will evaluate for meniscal injury. With the
patient supine, the hips are flexed to 45 degrees and the knee is
flexed to 45 degrees. Holding the knee (along the medial joint
line) and the ankle, varus or valgus force is applied to the flexed
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knee with internal or external rotation. The leg is then slowly
extended. Valgus stress and external rotation will assess the medial
meniscus. Varus stress and internal rotation will evaluate the lateral
meniscus. A McMurray’s test is considered positive if there is ten-
derness along the joint line or if a click is heard or palpated during
the performance of the exam. The sensitivity of this test ranges from
26% to 58%, with the test specificity ranging from 59% to 94%.49

Apley’s compression test also is used in the evaluation of
meniscal injuries. The patient is placed prone with the affected
knee flexed at 90 degrees. Pressure is then applied to the heel,
compressing the tibia into the femur. The tibia is then rotated
internally and externally. If pain is elicited or if there is a popping
sensation, this is considered a positive test for meniscal injury. 

Ankle Injury 
The sports-related ankle injury is probably the most common

injury overall, with ankle sprains comprising 20-30% of all
sports-related musculoskeletal injuries.58-60 Ankle sprains, which
usually involve the lateral or medial aspects, or tibiofibular syn-
desmosis, account for up to 85% of all ankle injuries.61 Inversion
injuries comprise the 85% of ankle injuries, eversion injuries
comprise 5% and combined injuries 10%. 

In the pediatric population, the growth plates in the ankle, pri-
marily the distal fibular physis, are more prone to injury than the
ligaments.62 Pre-adolescents will sustain fractures more often than
sprains because the growth plates are weaker than the ligaments.
After the growth plates start to close in the adolescent and bones
become stronger than ligaments, sprains become more common
than fractures. Because the ankle is involved with an athlete’s
ability to pivot, jump, and run, sports such as basketball, volley-
ball, football, soccer, and gymnastics have a high incidence of
injuries. In an older pediatric patient, landing on a plantar flexed
and inverted foot is a common scenario for a lateral ankle sprain. 

The ankle joint includes the talus, tibial plafond, medial
malleolus, and the lateral malleolus. The mortise is made of the
distal tibia and lateral malleolus. Movement planes include flex-
ion, extension, internal rotation with plantar flexion, and external
rotation with dorsiflexion. 

There are five major ligaments in the ankle. The anterior
talofibular ligament (ATFL), the calcaneofibular ligament (CFL),
and the posterior talofibular ligament (PTFL) are located lateral-
ly. The superficial and deep deltoid ligaments are on the medial
side and connect the distal tibia with the talus, calcaneous, and
the navicular bones. The ATFL is the weakest ligament and the
deltoid is the strongest, with the ATFL and CFL being the most
frequently injured ligaments. 

The physical exam consists of inspection, palpation, and
assessment of range of motion. When comparing the injured
ankle to the uninjured side, attention should be paid to skin color
and temperature, as well as to bruising, swelling, and tenderness.
A joint effusion can hide the soft tissue landmarks around the
ankle joint, while soft tissue swelling without a joint effusion
usually preserves the soft tissue landmarks.60 Deficits in range of

motion as well as in the ability to bear weight and ambulate will
exist. Neurovascular testing should include evaluation of sensa-
tion, motor weakness, capillary refill, and pulses.

The anterior drawer test is used to evaluate the anterior
talofibular ligament. The patient is seated with the knee flexed at
90 degrees and the ankle in slight plantar flexion. The anterior
tibia is stabilized by one hand immediately above the ankle,
while the other hand grasps the posterior heel. The foot is pulled
in an anterior plane to assess the movement of the talus in an
anterior direction. When compared to the unaffected side, the
relative translation of the foot forward from 3 mm to 5 mm is
consistent with a sprained ATFL. 

In the inversion stress test or talar tilt test, the heel is held and
the ankle is inverted. If there is increased laxity when compared
to the unaffected side or if there is a palpable or audible “clunk,”
this is suggestive of injury to the ATFL (plantar flexion) or the
CFL (dorsiflexion). 

Ankle sprains are graded from I to III (the West Point Ankle
Sprain Grading System). In a Grade I sprain, there is stretching
of the ligament. Swelling and bruising are mild to moderate, loss
of function is minimal, there is no instability, and weight bearing
occurs with minimal difficulty. A Grade II sprain is consistent
with a partial tear. There is moderate to severe swelling and
bruising, moderate loss of function and mobility, moderate insta-
bility, and difficulty with weight bearing. A Grade III sprain
results in a complete ligament tear, with severe swelling and
bruising, near complete loss of function and range of motion,
severe instability, and an inability to bear weight. 

The Ottawa ankle rules are well accepted in the adult population.
They provide almost 100% sensitivity, a high specificity, and reduce
the number of unnecessary X-rays performed.63 While the Ottawa
ankle rules were not designed for the pediatric population, there
have been studies showing that the rules can be extrapolated to the
pediatric population,64-66 with a tendency to image younger pediatric
patients more often than older pediatric patients. The Ottawa rules
require X-rays if there is pain in the malleolar zone along with bone
tenderness at the posterior tip of the lateral malleolus or medial
malleolus or if there is an inability to bear weight immediately after
the injury or for four steps when the patient is initially evaluated.

Treatment of ankle sprains is fairly standard, and includes
protection, rest, ice, compression, and elevation. 

Splinting or casting will offer protection, with weight bearing
as tolerated. Rest is essential to decrease the risk of further
injury. For the first 24 hours, ice should be applied for 15-20
minutes every 2-3 hours. NSAIDs can be used for pain and help
in decreasing inflammation. Compression can be done with an
elastic wrap or with splinting. Elevation above the level of the
heart will help decrease swelling. 

Fractures should be splinted and referred to orthopedics. 

Finger Injuries
Injuries to the fingers can result in damage to bone, tendons,

or ligaments. Dislocations, which generally involve a dorsally
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displaced proximal interphalangeal (PIP) joint, can be reduced if
there is no evidence of neurovascular compromise or marked
angulation. Dislocations in a volar plane may require orthopedic
consultation.67-69 Sprains (no evidence of fracture or dislocation)
can be treated conservatively with splinting and follow-up.

Tendon Injuries
Mallet Finger. A mallet finger is caused by an extensor tendon

jamming injury at the distal interphalangeal (DIP) joint resulting
in no active extension of the distal phalanx. This is the most com-
mon closed finger tendon injury.69 With the DIP in extension,
forced flexion by an object, such as a baseball, basketball, or vol-
leyball, will make the distal tip of a finger traumatically bend in
flexion; this causes injury to the extensor tendon at the DIP joint.
(See Figure 1.) The damage to the extensor tendon can range from
a complete tear with avulsion fracture of the distal phalanx
(approximately one-third of patients) to a partial tear or stretching.
The middle finger is the most frequently injured digit.70

The patient will have tenderness and edema to the dorsal
aspect of the DIP joint and will not be able to extend or straight-
en the finger at the DIP joint. Isolation of the DIP joint during
the exam will confirm that the extensor tendon is involved. 

Treatment will involve splinting the affected finger in a full-
time extension splint across the DIP joint, and referring the
patient for orthopedic consultation, especially if there is an asso-
ciated avulsion fracture or if there is no passive extension at the
DIP joint. If untreated, a swan neck deformity can develop. 

Jersey Finger. Injury to the flexor digitorum profundus ten-
don resulting in no active extension at the DIP joint is known as
a jersey finger. When the DIP joint is in active flexion, it is
forced into extension This usually happens in sports in which
tackling has a prominent role (football, rugby) and occurs when
a finger gets caught in the jersey or clothing of another player.
The ring finger is injured in about 75% of cases.71

Examination of the hand will be remarkable for tenderness and
edema over the volar aspect of the DIP joint. The injured finger
will be in extension. To assess the injured finger, evaluation of the
flexor digitorum profundus and superficialis tendons must be com-
pleted. To evaluate the profundus tendon, hold the metacarpopha-
langeal (MCP) and PIP joints in extension and have the patient
flex at the DIP joint. There will be no movement at the DIP joint if
there is damage to the profundus tendon. To assess the superfi-
cialis tendon, the unaffected fingers should be held in extension
and the patient should then attempt to flex the injured finger. If
there is superficialis tendon injury, there will be no movement.68,72

This injury should be splinted in flexion and orthopedic or
hand consultation should be obtained within seven days as all are
considered surgical candidates and prognosis is compromised if
there is a delay in treatment or if the tendon is retracted. 

Boutonniere Deformity. A boutonniere deformity can result
from damage to the central slip extensor tendon. The PIP joint is
forcibly flexed or is the subject of an axial load when in active
extension; this causes disruption of the central slip extensor ten-

don. Additionally, a laceration over the joint or a volar disloca-
tion of the PIP can result in this injury. 

The PIP joint often will be in flexion, with tenderness and
edema to the PIP joint and dorsum of the middle phalanx. There
is generally no active extension at the PIP joint and there is
hyperextension at the DIP joint. 

If no boutonniere deformity exists acutely, maximal tender-
ness over the central slip at the dorsal PIP may be the only clue
to injury. The patient might still be able to extend the PIP acutely
due to the lateral bands.

Management should include splinting of the PIP joint in
extension with the DIP free, and orthopedic follow-up.

Skier’s Thumb. Trauma to the ulnar collateral ligament of
the thumb will result in instability to the MCP joint.

Originally described as gamekeeper’s thumb, this injury was
the result of the repetitive motion of wringing the necks of game
birds. The repetitive motion led to chronic stretching or tearing
of the ulnar collateral ligament, with subsequent instability of the
first MCP joint. Injuries are now more often the result of acute
events, with skiers, football, basketball, hockey, and lacrosse
players among those at risk.70

The prevalent mechanism of injury is the forceful radial devi-
ation of the thumb. There can be a partial or complete tear of the
ulnar collateral ligament depending on the forces involved. The
history often will reflect a fall or a forced abduction of the thumb
by a stick or ball. Patients also will have pain along the ulnar
MCP joint and may complain of weakness or difficulty in gener-
ating pincer or grasp movements. 

Physical exam may show edema, tenderness, and bruising to
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Figure 1. Mallet Finger

Reproduced with permission from: Wenger DR, Pring ME, eds.
Rang’s Children’s Fractures. 3rd ed. Philadelphia, PA: Lippincott
Williams & Wilkins; 2005:153, figure 11-4.



the MCP joint, primarily over the ulnar aspect. Significant bruis-
ing and swelling suggest severe ligament damage. Tears to the
ligament usually occur distally, at the insertion of the ligament
into the proximal phalanx, but also can occur proximally, at the
origin at the metacarpal head.67-69 Assessments for strength
involving pinching and grasping will show weakness.

Imaging studies always should include plain radiographs to
evaluate for fracture or joint subluxation. An avulsion fracture of
the volar base of the proximal phalanx is commonly associated
with ulnar collateral ligament injuries.73 Incomplete lesions can
be splinted, while complete lesions may require operative repair. 

Summary 
Athletic injuries in the pediatric and adolescent population are

very common and can vary greatly. Many of the injuries are sim-
ilar to those of the adult population; however, many have unique
characteristics and more vigilant precautions should be taken
with the pediatric and adolescent athlete because of their contin-
ued development and growth. 
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CME Questions

101. A football player is injured during a kickoff return. He is not respon-

sive and has diminished respiratory effort. The initial priorities are to:

A. establish an airway and C-spine immobilization.

B. allow the player to wake up on his own.

C. assess for blunt abdominal trauma.

D. assess for any musculoskeletal extremity injuries.

102. The most common focal sports related head injury has been reported

to be:

A. concussion.

B. subdural hematoma.

C. epidural hematoma.

D. cerebral contusion.

103. The most sensitive test for ACL rupture is:

A. MacIntosh test.

B. anterior drawer test.

C. Lachman test.

D. valgus stress test.

104. The most commonly dislocated major joint in the body is:

A. acromioclavicular.

B. knee.

C. hip.

D. shoulder.

105. A hockey player was injured in a collision during a game and had a

witnessed loss of consciousness for 1 minute. He does not recall the

event and does not know the team he is playing or the position he

plays. He should:

A. be allowed to return to play immediately.

B. be allowed to return to play after the period ends.

C. be allowed to return to the game if he says he’s better.

D. not be allowed to return to the game.

106. A mallet finger is the result of injury to the:

A. flexor digitorum profundus injury at the DIP joint.

B. extensor tendon injury at the DIP joint.

C. central slip extensor tendon.

D. ulnar collateral ligament.

107. A volleyball player fell on her left side when attempting to return a

serve. She has significant tenderness to the left hip and abdomen as well

as complaints of left shoulder pain. The primary concerns are that she:

A. be evaluated for blunt abdominal trauma.

B. has a hip pointer and should be allowed to continue play.

C. possibly has a rib fracture.

D. has soft tissue musculoskeletal injuries.

108. A hockey player who sustained a concussion three weeks earlier still

complains of difficulty concentrating and still has headaches with

exertion. He should:

A. be allowed to engage in light workouts.

B. be allowed to return to full workouts.

C. be restricted from game participation play but may practice.

D. be restricted from all participation until symptom free.

109. An athlete has the highest chance of sustaining a concussion under

which of the following circumstances?

A. When wearing the proper equipment correctly

B. When playing a collision sport in a championship game

C. When playing games with friends at home

D. When playing in a supervised playground game at school

110. The sport that contributes to the greatest amount of injuries in the

teenage male is:

A. football.

B. surfing.

C. baseball.

D. soccer.

Answers: 101. A; 102. B; 103. C; 104. D; 105. D; 106. B;
107. A; 108. D; 109. B; 110. A

132 November 2007/Pediatric Emergency Medicine Reports



Trauma patients frequently present to the emergency depart-
ment for evaluation. Early identification of injuries, a thorough
diagnostic evaluation, and
timely management improve
outcomes. Understandably,
high-risk patients with the
potential for decompensation
on missed injuries mandate a
thorough and comprehensive
evaluation. This article identi-
fies and reviews areas where
diagnostic errors may occur.

— The Editor

Overview
Major trauma is one of America’s most pervasive and expen-

sive health care concerns. In this environment of rising costs and
diminishing resources, care must be delivered in the most cost-
effective manner while also ensuring that significant injuries are
not missed. Clinicians should recognize the limitations of, indica-
tions for, and contraindications to diagnostic testing. (See Table
1.) In addition, interpreting certain studies completed in the trau-
ma setting should be done cautiously, with an awareness of limi-

tations. This article will discuss the caveats in the evaluation and
management of blunt trauma patients in both the community hos-

pital and trauma center. 

Don’t Get Unnecessary
Labs

Patients who warrant labora-
tory evaluation include those
with decreased systolic blood
pressure, altered mental status,
or abnormal respiratory rate
secondary to a higher-than-
expected frequency of elec-
trolyte abnormalities. Patients

with significant co-morbid disease, such as renal failure, dia-
betes, or cardiac disease, or those patients on anticoagulant med-
ications, warrant more extensive laboratory testing.

Protocol-driven evaluation of trauma patients is routine in
most trauma centers and is a practice-guideline of the advanced
trauma life support (ATLS) course. Protocol testing is variable
but may include arterial blood gas, lactate, complete blood count,
serum chemistries, blood type and screen, coagulation panel, uri-
nalysis, blood alcohol level, and urine drug screen. Some institu-
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tions may include liver enzymes. Routine trauma laboratory pro-
tocols are frequently costly and unnecessary and their utility is
questionable, especially in patients with minor trauma.1 

A prospective study by Namias and colleagues evaluated 500
admissions to a trauma service. Electrolytes, amylase, and coag-
ulation parameters were obtained. No interventions were made
for abnormalities in sodium, bicarbonate, BUN (blood urea nitro-
gen), or creatinine. One patient had potassium administered for
hypokalemia. Hyperglycemia was seen in known diabetics and in
patients with severe neurologic injuries.2 

Tortella and coworkers found that routine chemistries only
rarely revealed clinically significant abnormalities.3 In the study
by Namias et al, an intervention was made as a result of abnor-
mal chemistry findings in only 5 of 1023 patients.2 The bulk of

the abnormalities found in these patients are clinically insignifi-
cant in the trauma resuscitation setting and do not lead to clinical
interventions.1

Chu and colleagues prospectively evaluated 1155 patients
who were tested based on protocol versus those who were given
selected labs based on clinical need. They found no statistically
significant change in the percentage of lab tests leading to inter-
ventions between the two groups (7% versus 8%). In the protocol
group, the average lab charge was $748. In the group treated
based on clinical need, the charge was reduced by 93%; this gave
an estimated annual savings of $1.5 million. No adverse event
was noted when selective laboratory evaluation was used.4

Hypokalemia is common in trauma patients (50-68%) and is
likely due to catecholamine effect and/or acid base status. It is
not a body depletion of potassium but rather a shift. In one study,
hypokalemia was responsible for 92% of the lab abnormalities in
trauma patients.2 In a prospective study of 133 patients with
blunt trauma, it was noted that hypokalemia occurred within one
hour of trauma and returned to normal within 24 hours without
significant potassium replacement.5 Hypokalemia in trauma
patients has been reported to correlate with the severity of the
insult.2,6-7 It is not clinically significant and typically corrects
with resuscitation or benign neglect.8

Hyperglycemia also is very common. Some degree of hyper-
glycemia is expected as part of the physiologic response to trau-
ma.2 Treatment for a glucose level of less than 300 usually is
unnecessary. However, if the patient is a known or suspected dia-
betic, electrolytes should be checked to ensure that the patient is
not in diabetic ketoacidosis.

Mure et al9 and Buecher et al10 concluded that amylase and
lipase lack the sensitivity and specificity and predictive value to
be useful in the setting of blunt abdominal trauma. Elevated amy-
lase was nondiagnostic and triggered no interventions in another
study.2 Liver transaminases may be elevated after blunt liver
injury or they may be normal. The level of elevation does not
correlate with the severity of injury. Transaminases have not been
shown to be useful as a screening tool to exclude the need for a
CT (computed tomography) scan of the abdomen. 

Hemoglobin and blood type and cross match are indicated if
there is evidence of significant bleeding. If the patient is on war-
farin sodium, a coagulation panel is necessary. Alcohol and toxi-
cology screens are not usually necessary. They are generally
ordered on a delayed basis when other explanations for altered
mental status cannot be identified.4

Severely injured patients are the exception to the rule of mini-
mal laboratory utilization in trauma. Anemia, acidosis, and coag-
ulopathy are very real concerns in these patients and should be
aggressively identified. Abnormal coagulation parameters can be
seen in conjunction with hypotension, respiratory depression,
and altered mental status. 

Don’t Miss These Injuries: Occult Trauma in
High-risk Populations

Several groups of patients are at increased risk for injury that
may be occult or not apparent upon their initial presentation.
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Table 1. Do’s and Don’ts of Trauma Evaluation

❏ Don’t get unnecessary labs.
❏ Don’t miss occult trauma in high-risk patients.
❏ Don’t overestimate the utility of plain films of the cervical 

spine.
❏ Don’t ignore abnormal vital signs (tachycardia).
❏ Do beware of a “negative” CT scan of the abdomen.
❏ Don’t worry about oral contrast.
❏ Don’t overestimate reliability of FAST (focused abdominal 

sonography in trauma).
❏ Don’t ignore the ventilator alarm.
❏ Do transfer patients appropriately.



Patients with head injuries, substance abusers, or those with dis-
tracting injuries are at highest risk for missed injuries.11 Other
high-risk categories of patients include the elderly; coagulopathic
patients; those with neurological disease; patients who are rude,
obnoxious, or uncooperative; and the mentally ill.12 Patients who
are coagulopathic are at risk for significant bleeding with even
trivial trauma. Patients with alcoholism and the elderly tend to
have cerebral atrophy that puts them at greater risk for subdural
hematoma because of increasing tension on the cerebral bridging
veins.12

Blunt Abdominal Trauma. Missed intra-abdominal injuries
are common, with a reported incidence of missed injuries in the
adult population as high as 65%.11 A common error in this
instance is under-appreciation for the mechanism of injury.
Patients with trivial mechanisms of injury still may be at risk for
major intra-abdominal pathology.11

Even in patients with a normal mental status, it may be diffi-
cult to elicit abdominal tenderness despite the presence of signifi-
cant intra-abdominal pathology.11 Lack of appreciation for a per-
tinent physical finding or false reassurance from a benign exam
often contributes to this. For example, a seat belt abrasion on the
abdomen is associated with significant bowel injury in 21% of
cases.13 In patients with intra-abdominal trauma, the sensitivity
and specificity of abdominal pain or tenderness is estimated at
82% and 45%, respectively.14 Approximately 40% of patients
with significant intra-abdominal pathology may have no signs
and symptoms on initial presentation to the emergency depart-
ment.15-17 The finding of a negative or equivocal exam is less reli-
able in patients who have an altered level of consciousness that is
secondary to head injury, intoxication, or distracting injuries. 

The presence of any rib fracture significantly increases the
risk of a splenic or hepatic laceration.18,19

Solid Organ Injury. The spleen is the most commonly
injured organ in blunt abdominal trauma. It can be injured from
relatively minor mechanisms. In a retrospective study of 30
patients with splenic trauma, it was noted that just more than half
of them did not have any abdominal pain.20 (See Figure 1.) An
injury involving the bare area of the liver may be clinically silent
because the bare area lacks a peritoneal covering and may not
produce peritoneal signs or abdominal pain.19

Renal injuries may be difficult to predict and may be silent on
physical examination due to the retroperitoneal location of the
kidneys. The kidneys are somewhat mobile; thus, they are sus-
ceptible to deceleration injury from a motor vehicle accident,
fall, or from a direct blow. No accurate markers for renal injury
exist. In all types of renal trauma, the degree of hematuria is not
indicative of the severity or extent of injury.21 Adult patients at
risk of major renal lacerations will have either gross hematuria or
microscopic hematuria with hypotension (less than 90 mmHg) in
either the field or in the emergency department.21,22 However,
hematuria may be absent in renal pedicle injuries.23 Children can
sustain major renal injuries even with a normal urinalysis, so
imaging based on the mechanism of injury is paramount. Intra-
venous contrast-enhanced CT scan is the study of choice to iden-
tify urologic injuries.21,22

Elderly Patients
Trauma is the fifth leading cause of death in patients older

than age 65.24 The elderly sustain a disproportionate amount of
fractures and serious injuries; they account for about 28% of all
deaths due to trauma, while representing only 12% of the overall
trauma population.25,26 The elderly often have significant co-mor-
bid conditions and take medications that may mask physiologic
changes typically associated with injury, such as tachycardia.25

Injuries to the brain, spine, and chest, as well as skeletal injuries,
increase dramatically with age; however, injuries to the abdomen
do not.25 Elderly patients with low-level falls have an increased
risk of cervical spine injury from the occiput to C2. A reasonable
strategy is to obtain a CT scan of the cervical spine in all elderly
patients who require CT scan of the head.25 This issue will be
discussed in detail in a subsequent section. 

Elderly patients with rib fractures have nearly twice the mor-
tality of younger patients with the same injury.25

The abdominal exam is less reliable in the elderly. This is
demonstrated by the lack of sensitivity of abdominal findings for
surgical disease in non-traumatic conditions.27 Liberal use of CT
scan is recommended. 

Isolated hip fractures are common presentations in the elderly,
and they are especially prevalent after a fall. A typically encoun-
tered clinical scenario is persistence of hip pain and negative
radiographs. (See Figure 2.) One study found that about 5% of
such patients had a hip fracture.28 Hip fractures most commonly
occur as a result of relatively minor trauma to an already weak-
ened, osteoporotic bone.12 The absence of a visible fracture on
standard radiographs in an elderly patient with hip pain after a
fall is not sufficient to exclude a fracture. Fractures of the acetab-
ulum can be occult on plain films as well. Fractures may be
missed initially due to an impacted fracture, nondisplaced frac-
ture, or underlying osteoporosis.12 MRI (magnetic resonance
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Figure 1. CT Scan of a Splenic Injury



imaging) is superior to CT scan for the detection of occult frac-
tures, but CT scan is adequate in most patients. (See Figure 3.) A
reasonable strategy is admission, bedrest, and further imaging
such as bone scan, CT scan, or MRI. 

Don’t Overestimate the Utility of Plain Films 
of the Cervical Spine

The incidence of adult cervical spine injury in blunt trauma is
2-6%.29-31 Pain, neurologic deficit, distracting injuries, altered
consciousness, and high-risk mechanism of injury have been
shown to be appropriate, highly sensitive clinical indications for
spinal imaging.32

Evaluation of patients for cervical spine injury has significant-
ly changed over the last 30 years. Before 1970, a single lateral
view was considered adequate for cervical spine evaluation. In
1981, Shaffer and Doris noted that up to 10% of cervical spine
injuries would be missed with only a lateral view.33,34 They rec-
ommended adding AP (anteroposterior) and open-mouth views.
In 1993, Woodring and Lee reported that 15% of blunt cervical
spine fractures were missed when only the lateral view was
obtained.35 In 1996, Nunez and Quencer noted that 42% of
injuries were missed when the lateral view was obtained as the
sole film.36 The American College of Radiology 2005 Appropri-

ateness Criteria recommend a three-
view study for cervical spine evalua-
tion that should be supplemented by
CT scan when necessary;37 oblique
views are not needed. 

Standard three-view series of the
cervical spine include lateral, open
mouth, and anterior-posterior. A five-
view series includes oblique views. A
swimmer’s view is sometimes added to
visualize the cervicothoracic junction.
Flexion/extension views add nothing to
the initial screening series.29,38

What is the most efficient imaging
method? There is considerable evi-
dence in the radiology literature to
show that CT scan is superior to plain
radiography for detecting cervical
spine fractures.33,36,39-43 (See Figures 4-
6.) The sensitivity of plain films
ranges from 39% to 94%, with vari-
able specificities.44-51 There is wide
disparity about the adequacy of the
three-view film series in detecting cer-
vical fractures. In a review of 3034
total patients in several studies, cervi-
cal spine injury was identified only
53% of the time with plain radi-
ographs; however, CT scan was 98%
sensitive.33 Nguyen and coworkers
found that plain radiography was 93%

sensitive and CT scan was 100% sensitive for detecting
fractures.51 Other authors report sensitivities as low as 53% for
plain films.51-53

Reasons for missed injuries include inadequate radiographs,
associated injuries, inaccurate clinical examination, and patient
co-morbidities.36 

The sensitivity of CT scan for cervical fracture detection has
been reported to be between 90% and 99%, with specificity
between 72% and 89%. The limitations of plain films are espe-
cially prominent when they are used to evaluate the craniocervi-
cal and cervicothoracic junctions. Link and colleagues noted that
8 out of 9 occipital condyle fractures and 13 of 33 C1 and C2
fractures were not seen on plain films.54,55 CT scan is faster and
has improved sensitivity but is more expensive and is associated
with more radiation — a 50% increase over plain radiographs. 

Helical CT scan is the preferred initial screening test for
detection of cervical spine fractures among moderate to high-risk
patients in urban trauma centers. The incidence of paralysis
resulting from false-negative imaging studies and institutional
costs and subsequent litigation and settlement costs from missed
fractures and paralysis is reduced by the use of CT scan.46

A CT scan is warranted if there is any doubt about an abnor-
mality on a plain radiograph or if the patient has disproportionate
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Figure 2. Hip Film

A 68-year-old male complaining of pelvic pain after his legs “gave out”; plain radiograph of 
the pelvis shown here was read as normal by a radiologist.



neck pain. Practitioners should be familiar with the available
scanner. CT scan cuts need to be 3 mm or less to reliably detect
occult fracture.56 CT scan is not perfect, however. It can miss frac-
tures at C2 because the fracture may be in the plane of the scan or

can be obscured by artifacts from dental work.33,39 Therefore, a
single-view lateral film is indicated to evaluate C1 and C2 to com-
plement CT scan. This is especially important in elderly patients
who have a higher incidence of upper cervical spine fractures.57

Can CT scan detect unstable cervical ligamentous injuries?
There are five cardinal findings that may be demonstrated on
radiography and/or CT scan that indicate instability: displace-
ment, wide interpedicle distance, wide interspinal (interlaminar)
distance, widening of facet joints, and disruption of posterior ver-
tebral body line.33 CT scan should be adequate to determine the
presence or absence of ligamentous injury in the majority of con-
scious patients; in comatose patients, limited MRI is recom-
mended in the sagittal plane to look for ligamentous injury.33,39

Does everyone with cervical trauma need a CT scan? Low-
risk patients (no head injury or neurologic deficit, low-energy
trauma, normal clinical exam, no neck pain) have a low preva-
lence of injury. Plain radiographs are an effective tool in these
patients.51 Plain radiography does have limitations when used in
the high-risk patient group, however. It is difficult to obtain ade-
quate films in severely injured patients, especially in those who
are intubated. High-risk patients would include those who have
significant closed head injuries, neurologic deficits, high-energy
trauma, unreliable examination secondary to intoxication, and
neck pain that is out of proportion to plain film findings.51 These
patients need CT scan evaluations. 

Don’t Ignore Abnormal Vital Signs — 
Tachycardia

There are many causes of tachycardia in a trauma patient. The
most common etiologies include pain, anxiety, blood loss,
hypoxia, and sympathomimetic drug abuse (cocaine, ampheta-
mines). Once these potential causes have been excluded or treat-
ed, the clinician is left to wonder, “Why is this patient still tachy-
cardic? What am I missing?”

Myocardial contusion is used as a general term encompassing
the gamut of blunt cardiac injuries (BCI). There are no widely
accepted diagnostic criteria for BCI. The incidence is uncertain
as studies differ in diagnostic criteria.58 BCI can include chamber
rupture, contusion, laceration, papillary muscle rupture, and
valve rupture.59

Outcomes vary from asymptomatic with electrocardiographic
changes to cardiogenic shock and death.58 Associated injuries are
common and include rib fracture, sternal fracture, hemothorax,
pulmonary contusion, pneumothorax, aortic or great vessel
injury, and closed head injury.60

The most common complaint of a patient with BCI is chest
pain. Examination may reveal hypotension, jugular venous dis-
tention, tachypnea, chest abrasion, crepitus, or other evidence of
chest trauma.58 The evaluation begins with a chest radiograph,
mainly to exclude other injuries. The most common ECG finding
is sinus tachycardia, followed by PACs (premature atrial contrac-
tions) or PVCs (premature ventricular contractions).58 

An abnormal initial ECG (excluding sinus tachycardia) is the
most significant independent predictor of a complication, defined
as dysrhythmia requiring intervention, cardiogenic shock, valvu-
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Figure 3. Hip CT Scan

Bone windows of the abdomen and pelvis CT show bilateral
femoral neck fractures in this same patient that were not seen in
plain radiograph.

Figure 4. CT Scan: Axial View

CT scan, axial view, of cervical spine of a 25-year-old
male in auto versus train; interpreted as normal.



lar rupture, or tamponade.61

Dysrhythmias are the most common complication associated
with BCI.62 Up to 70% of patients have a rhythm disturbance.
Atrial dysrhythmias are the most common.

Cardiac failure may manifest as hypotension, tachycardia,
tachypnea, jugular venous distension, rales, or a systolic murmur.
Echocardiogram (ECHO) detects pericardial effusion, myocardial
contusion, valvular disruption, and wall motion abnormalities. It
may assist in defining injury severity and may alter management.
Thirty percent of BCI patients have an abnormal ECHO.63

The pathophysiology of trauma-induced myocardial necrosis
is poorly understood. Therefore, it is difficult to predict the pattern
of myocyte enzymatic release and it remains unclear whether a
role exists for its routine measurement.58 Troponin I is only found
in the cardiac myocyte. In BCI patients, elevated troponin I has a
sensitivity of 23-100% and a specificity of 85-97% for injury.64-66

By combining ECG and troponin I at eight hours, a negative pre-
dictive value of 100% was reached in a prospective study of 333
patients with blunt thoracic trauma. The authors noted that
patients with a normal ECG and troponin I can be discharged.67

BCI should be suspected in patients with chest pain that is
associated with rib or sternal fractures, pulmonary injury, or sig-
nificant deceleration mechanism.14,58 Delayed diagnosis can
occur in the elderly; patients with pre-existing cardiac disease;

those with multiple, severe chest wall injuries;
or patients with unexplained hypotension.61,68

BCI can be excluded in the following
patients if there is a normal initial ECG and a
normal set of cardiac enzymes: hemodynami-
cally stable patients without a history of cardiac
disease, younger than age 55, and who do not
require admission for another diagnosis.58

Patients with isolated ECG or enzyme
abnormalities represent the largest and most
benign subset of BCI patients. These patients
should receive telemetry monitoring for 24
hours and may require ECHO, depending on
the level of suspicion.

Do: Beware of “Negative”
Abdominal CT Scan 

In the past 5-10 years, more emphasis has
been placed on non-operative management for
certain blunt injuries, resulting in increased use
of CT scan.69 CT scan can be used as a screen-
ing tool to help identify patients who may be
discharged without further evaluation.70 CT
scan is useful for detecting solid organ injuries,
such as those to the liver, spleen, and kidney.
CT scan does have limitations. It is less reliable
for detecting injuries to the bowel and pancreas. 

Bowel injury from blunt trauma varies from
a minor hematoma to perforation. Hollow vis-
cus injury is uncommon from blunt trauma, but
the consequences of a delay in diagnosis or

missing an injury are severe. (See Table 2.) Abdominal pain and
peritoneal irritation may present early after major perforations or
develop slowly because bowel contents are not enzymatically
active and have low pH and bacterial counts.24 Small perforations
initially may be clinically unrecognized.71 Physical examination
of the abdomen often is unreliable due to head injury, distracting
injuries, or intoxication.72

CT Scan Diagnostic Criteria for Bowel Injury. A normal
CT scan can be seen in 10-17% of patients with perforated small
bowel.73-75 Direct visualization of bowel discontinuity and extra-
luminal oral contrast material are virtually diagnostic of bowel
perforation but are relatively insensitive. The presence of enteric
contrast extravasation is an uncommon finding as well. Extrava-
sation of oral contrast in the absence of free air has been reported
only once in a recent review of the literature.76 Free intraperi-
toneal oral contrast material is 100% specific for bowel perfora-
tion unless IV contrast material from the genitourinary (GU)
tract perforation is not a confounding factor. However, the sensi-
tivity is 12% or less.77-79

When extraluminal air is present, bowel perforation is the
most likely etiology; however, it is not diagnostic of bowel perfo-
ration.80,81 The sensitivity of pneumoperitoneum is 44-55%.77,79

Other causes may include barotrauma from mechanical ventila-
tion, diagnostic peritoneal lavage, or bladder rupture.82,83 Intra-
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Figure 5. CT Scan: Odontoid View

CT scan, odontoid view, of the same patient as seen in Figure 4.



mural air presents as discrete bubbles in a
thickened bowel wall. 

Bowel wall thickening is present in
61% of small bowel mesenteric injury
(SBMI) cases.84 Contusions and lacerations
of bowel and isolated mesenteric lacera-
tions that result in ischemia because of dis-
ruption of the arterial supply or venous
drainage may cause wall thickening. Both
major and minor bowel injuries may have
findings of bowel wall thickening and free
fluid in common. Bowel wall thickening is
more sensitive for bowel injury than
extravasation of oral contrast or pneu-
moperitoneum.77 Bowel wall enhancement
is a subjective finding that is suggestive of
bowel injury. The proposed mechanism for
wall enhancement is reduced perfusion and
interstitial leak of contrast material.79,85

Mesenteric stranding is defined as the
presence of ill-defined, increased attenua-
tion in the normally fatty mesenteric folds
caused by perivascular hemorrhage and an
inflammatory infiltrate.86 This is associat-
ed with at least a mesenteric injury. If it is
associated with bowel wall thickening, it
is highly suggestive of bowel injury.87-89

Free intraperitoneal fluid is a common
finding in patients with SBMI; it may be
the most frequent finding.89 This fluid may
or may not be hemorrhagic. Free fluid is
not diagnostic of SBMI; it may produce
false positives as high as 67%. This is like-
ly caused by the presence of fluid related
to other injuries.79,90

The location of the fluid is important.
Fluid isolated to the mesentery is an unusual finding in liver or
spleen injury and suggests underlying SBMI.69 Retroperitoneal
fluid can be caused by hemorrhage, renal injury, bowel perfora-
tion, or pancreatic or duodenal injury.69 Hemoperitoneum in the
absence of solid organ injury implies a bowel or mesenteric lac-
eration as the bleeding source.79

Bowel injury may be overlooked when solid organ injury is
diagnosed. Concomitant bowel injury is present in 5% of patients
with liver lacerations and 4% of patients with splenic lacerations
because free fluid is attributed to the solid organ injury.79,91

Pancreatic Injuries. Injury to the pancreas is rare in blunt
trauma; it occurs in only 1-2% of patients. Handlebar injuries
and motor vehicle accidents are the most common mechanisms
of injury. Abdominal pain may be absent in 25% of patients with
a pancreatic injury. The patient may complain of pain initially
that resolves and then returns and worsens several hours after the
injury.11 The failure to develop consistent and localizing physical
findings has been attributed to the retroperitoneal location of the
pancreas and the inactivation of pancreatic enzymes immediately

after injury.92,93 A normal amylase or lipase is not sufficient to
rule out pancreatic injury.11 Helical CT scan is the indicated test,
but it is only has sensitivity of 68%.94

Don’t Worry About Oral Contrast
Most trauma centers use IV and oral contrast for

abdomen/pelvis CT scan. The necessity of oral contrast (OC) is a
topic of contention. Stafford and colleagues randomized 394
patients to OC or no OC.95 The sensitivity for small bowel injury
detection was 86% with OC and 100% without OC. The sensitivi-
ty for solid organ injury was 84% with OC and 89% without OC.95

Limitations of this study included lack of optimal time for contrast
enhancement and a small sample size. In another study, Clancy
and coworkers reviewed the charts of 492 patients.96 Only eight of
those patients had oral contrast prior to CT scan. The overall sensi-
tivity of CT scan without oral contrast was 98% with a specificity
of 99.8%.96

A randomized, prospective trial of CT scan in blunt trauma
demonstrated equivalent sensitivities for the diagnosis of small
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Figure 6. CT Scan: Axial View

CT scan, axial view, of the same patient as in figures 4 and 5 four days later when he
returned to the ED with continued neck pain; demonstrates lateral subluxation of C1 lateral
mass on C2 suggesting ligamentous injury.



bowel injuries in those undergoing CT scan with or without oral
contrast.97

Although most of these studies are limited by small sample
size and/or insufficient time for contrast to transverse the length
of the bowel, it is typically not practical to wait for two hours or
more to allow for opacification of the entire bowel and the addi-
tion of contrast should be reserved for patients with clinical sce-
narios where contrast would be beneficial. 

Don’t Overestimate the Reliability of FAST 
Focused abdominal sonography in trauma (FAST) is designed

to visualize hematoperitoneum in unstable blunt trauma patients.
However, limitations exist; there is not free fluid associated with
contained solid organ injury and hematomas may appear
echogenic if clotted. If FAST is completed early after the traumatic
event, it may fail to detect fluid in the setting of a significant injury. 

The use of ultrasound as a screening modality may lead to
false-negative results.20 In hemodynamically stable patients with
blunt abdominal trauma, FAST has a sensitivity of 42-100%.98-101

Ultrasound may fail to detect grades 3 and 4 hepatic lacerations
and grades 2 and 3 splenic lacerations, especially if the associat-
ed bleeding is not brisk.101 Hahn and colleagues noted that 27%
of patients in whom no free fluid was detected required laparoto-
my.102 False positives may occur in patients with pre-existing
ascites, peritoneal dialysis, or in females with small amounts of
physiologic fluid.103 

FAST doesn’t detect bowel/mesenteric injuries, pancreatic or
vascular injuries, diaphragm, or adrenal injuries. FAST should be
used as a triage tool only, not as a definitive study.

Don’t Ignore the Ventilator Alarm
Intubated patients are among the most seriously injured

patients in the emergency department (ED), but once stabilized
they may not be sufficiently monitored in a busy ED. Intubated
patients awaiting admission, surgery, or transfer need to be phys-
ically and chemically restrained so they have less chance of dis-
lodging the endotracheal tube. Sedation and paralysis is indicated
for patient comfort as well as airway protection. Do not underse-
date! Don’t ignore the ventilator alarm. It may indicate that the
patient is coughing or biting the tube, the tube is occluded with
blood or a mucus plug, or that the tube has become dislodged or
is kinked. Any of these events, if not promptly recognized and
treated, can lead to hypoxia and potential brain injury. Verify the
tube position, suction the patient, and provide adequate sedation
and/or paralysis as needed to control ventilation. 

Do: Transfer Patients Appropriately
If a decision is made to transfer a trauma patient to a higher

level of care, attention to detail will make the process smoother
and benefit the patient. Send copies of all of the patient’s radi-
ographs, especially his/her CT scans. If a radiologist has inter-
preted these films, send a copy of the written report as well.
Radiology house staff may be reluctant and may not be permitted
to reinterpret films that have already been evaluated by a board-
certified radiologist. This is especially true if a change in inter-
pretation is being considered. With regard to CT scan, send
copies of all the images, including reconstructions if they have
been done. If any studies are incomplete, they will likely be
repeated, thus exposing the patient to more radiation and
increased cost. Patients transferred from an outside hospital
should be thoroughly evaluated and reports should be reviewed
carefully. There should be a formal reinterpretation at the receiv-
ing facility or a repeat study to avoid missed injury.104 This
should be balanced with the risk of additional radiation and
increased cost. 

Initiate the transfer process early in obvious cases in which a
higher level of care will be needed, such as possible intracranial
hemorrhage. When in doubt, secure the airway prior to transfer.
As is necessary, chest tubes should be placed and the patient
should be transfused prior to transfer. Be certain that the patient
has reliable IV access as well and treat pain adequately. If there
will be a delay in transfer, repair lacerations to decrease the like-
lihood of infection. Place Foley catheters and nasogastric tubes
as needed and splint fractures. Appropriate packaging of patients
requiring transfer enhances patient care. 
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CME/CNE Questions
1. In a previously healthy trauma patient, which electrolyte abnormality

requires treatment?

A. Glucose of 210

B. Potassium of 3.0

C. Bicarbonate of 24

D. None of the above requires treatment

2. In blunt trauma, which of the following statements is true?

A. Hematuria is a reliable marker of renal injury.

B. Hypokalemia correlates with the severity of the injury.

C. Hypokalemia routinely requires correction.

D. Amylase and lipase are reliably elevated in blunt pancreatic

injury.

E. Elevated liver transaminases are a reliable marker of liver

injury.

3. Which statement is false regarding trauma in the elderly?

A. Abdominal pain or tenderness in intra-abdominal injury is pres-

ent in more than 80% of patients on initial presentation.

B. The elderly sustain a disproportionate amount of fractures and

serious injury from trauma.

C. The abdominal examination in the elderly is not as reliable as it

is in younger patients.

D. Rib fractures in the elderly are a significant cause of morbidity.

E. All of above are true

4. Which statement is not true regarding imaging of the cervical spine

in blunt trauma?

A. A single lateral view is indicated to evaluate C1 and C2 and to

complement CT.

B. Fractures at C2 may be missed by CT.

C. Plain films have prominent limitations at the cervicocranial and

cervicothoracic junctions.

D. Helical CT is the preferred initial screening test for detecting

cervical spine fractures in high-risk trauma patients.
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CNE/CME Instructions
Physicians and nurses participate in this continuing medical

education/continuing education program by reading the article,
using the provided references for further research, and study-
ing the questions at the end of the article. Participants should
select what they believe to be the correct answers, then refer to
the list of correct answers to test their knowledge. To clarify
confusion surrounding any questions answered incorrectly,
please consult the source material. After completing this
activity, you must complete the evaluation form provided
and return it in the reply envelope provided in order to
receive a letter of credit. When your evaluation is received, a
letter of credit will be mailed to you.

CNE/CME Objectives
Upon completing this program, the participants will be able to:
a.) discuss conditions that should increase suspicion for 

traumatic injuries;
b.) describe the various modalities used to identify different 

traumatic conditions;
c.) cite methods of quickly stabilizing and managing patients;

and
d.) identify possible complications that may occur with 

traumatic injuries.
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E. The American College of Radiology 2005 guidelines recommend

a five-view cervical spine series for routine imaging of the cervical

spine in blunt trauma.

5. Which of the following is not a characteristic finding on CT of cervical

ligamentous injury?

A. Displacement

B. Wide interpedicle distance

C. Widening of facet joints

D. Disruption of posterior vertebral body line

E. All of the above are characteristic of cervical ligamentous injury

6. CT scan as an initial imaging modality is indicated in all of the follow-

ing patients with blunt cervical trauma except?

A. A 36-year-old female with shoulder pain after a 25 mph rear-end

collision

B. An 18-year-old intubated male with a severe closed head injury

after being ejected from a vehicle

C. A 79-year-old female with neck pain after a fall

D. A 47-year-old intoxicated male with no complaints after a high-

speed rollover

7. Which statement is false regarding blunt cardiac injury?

A. The most common complaint is chest pain.

B. Associated injuries such as pneumothorax and pulmonary contu-

sion are common.

C. The most common ECG finding is atrial fibrillation.

D. Dysrhythmias are the most common complication associated with

blunt cardiac injury (BCI).

E. An abnormal EKG coupled with suspicion of BCI mandates at

least a 24-hour admission.

8. Which of the following is an uncommon finding on CT in the setting of

bowel injury following blunt trauma?

A. Mesenteric stranding

B. Free intraperitoneal fluid

C. Extraluminal air

D. Bowel discontinuity

E. Bowel wall thickening

9. Which of the following injuries would not be identified with a FAST

scan?

A. Contained solid organ injury

B. Pancreatic injury

C. Bowel injury

D. Diaphragmatic injury

E. None of the above injuries would be identified by FAST

10.Which of the following is a reliable marker of solid organ injury?

A. Amylase

B. Lipase

C. Liver transaminases

D. Creatinine

E. None of the above are reliable markers for solid organ injury

Answers: 1. D; 2. B; 3. A; 4. E; 5. E; 6. A; 7. C; 8. D; 9. E; 
10. E
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Sports-related
Injuries

RAPID ACCESS MANAGEMENT GUIDELINESExclusive to our subscribers

CANTU CLASSIFICATION21

Grade I No loss of consciousness Post traumatic amnesia less than 30 min
Grade II Loss of consciousness less than 5 min Post traumatic amnesia greater than 30 min
Grade III Loss of consciousness greater than 5 min Post traumatic amnesia greater than 24 hours

COLORADO MEDICAL SOCIETY22

Grade I No loss of consciousness Confusion without amnesia
Grade II No loss of consciousness Confusion with amnesia
Grade III Loss of consciousness of any duration

AMERICAN ACADEMY OF NEUROLOGY17

Grade I No loss of consciousness Transient confusion Concussion symptoms or mental status 
changes resolving in less than 15 min

Grade II No loss of consciousness Transient confusion Concussion symptoms or mental status 
changes lasting more than 15 min

Grade III Loss of consciousness of any duration

Concussion Classifications

Simple Resolution from injury without No further symptoms No subspecialty follow-up required. Rest until symptom resolution,
complications in 7-10 days No further intervention necessary. graded program of exertion

before return

Complex Persistent symptoms, specific Symptom recurrence Subspecialty consultation with Multiple concussions or repeti-
injury (loss of consciousness with activity more extensive testing tive concussions with less force 
over one minute), prolonged than the original injury
cognitive impairment

Simple Versus Complex Concussions24

CANTU GUIDELINES 21

1ST CONCUSSION 2ND CONCUSSION 3RD CONCUSSION

Grade I Return to play if asymptomatic and Return to play in 2 weeks if asympto- Season over, can return the following
with no previous concussion history matic for at least 1 week year if asymptomatic

Grade II Return to play if asymptomatic for Return to play in 1 month if asympto- Season over, can return the following 
1 week matic for at least 1 week year if asymptomatic

Grade III Return to play in 1 month if asympto- Season over, can return the following
matic for at least 1 week year if asymptomatic

COLORADO MEDICAL SOCIETY GUIDELINES 22

1ST CONCUSSION 2ND CONCUSSION 3RD CONCUSSION

Grade I Return to play if asymptomatic for Restricted from play for the day Season over, return to play if asympto-
20 minutes matic for 3 months

Grade II Return to play if asymptomatic for Season over, but potential return to play Season over, may return the following 
1 week if asymptomatic for 1 month year if asymptomatic

Grade III Return to play after 1 month if asympto- Season over and player should be 
matic for at least 2 weeks discouraged from contact sports

Return-to-Play Parameters
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