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Chapter 21  Head and Spine Injuries

OEC Instructor Resources: Student text, Instructor’s Manual, PowerPoints, Test Bank, IRCD, myNSPkit (online resource)

OEC Student Resources: Student text, Student CD, myNSPkit (online resource)

Chapter Objectives

Upon completion of this chapter, the OEC Technician will be able to:

21-1.
Correctly identify the major anatomical components of the central nervous system.


21-2.
Define traumatic brain injury.

21-3.
Describe common traumatic injuries involving the head, neck, and back.

21-4.
Describe the signs and symptoms of potential head injuries involving the brain. 

21-5.
Describe the signs and symptoms of potential spinal injuries.

21-6.
Describe how to properly assess a patient with a suspected neurologic injury, including neck and spine injuries.

21-7.
List the signs and symptoms of increased intracranial pressure.

21-8.
Demonstrate how to properly treat a patient with a head, neck, spine, or back injury.

21-9.
Demonstrate how to maintain proper spinal alignment while placing a patient onto a long spine board from the following positions:

(
lying
(
sitting
(
standing
21-10.
Describe and demonstrate how to remove a helmet.

Essential Content 

I.
Anatomy and physiology

A.
Axial skeleton consists of a skull and 33 vertebrae;  skull contains the brain, which has three parts: cerebrum, cerebellum, and brain stem 

B.
The brain


1.
Gray matter is closely packed neuron cell bodies and includes regions involved in muscle control, sensory perceptions, and speech



2.
White matter is neuronal tissue that consists of structures at the core of the brain that are involved in the relay of sensory information from the rest of the body to cerebral cortex, regulation of autonomic (unresponsive) functions, expression of emotions, release of hormones, and regulation of food and water intake



3.
Receives 15 percent of blood and 20 percent of the circulating oxygen and glucose in the body


C.
The spinal cord



1.
Originates at the base of brain and goes through the foramen magnum in base of skull; travels inside the vertebra of spinal column to lower back, and nerves continue to coccyx


D.
Brain and spinal cord make up central nervous system



1.
Is covered by three layered membranes called the meninges, which contain cerebrospinal fluid


E.
Neurons are fundamental unit of entire nervous system; carry signals inside brain or through spinal cord and peripheral nerves to control the body


F.
Five parts of the brain



1.
Cerebrum is uppermost part; has outer and inner parts




a.
Cerebral cortex is outer part and is divided into two halves; controls higher functions such as sense perception, voluntary movement, speech, thought, and memory




b.
Hypothalamus is inner part that controls autonomic (automatic) nervous system (body temperature, hunger, thirst, and fatigue)


2.
Cerebellum is posterior part of the brain




a.
Controls balance, motor coordination, movement, posture, and muscle tone



3.
Pons, thalamus, and medulla oblongata are the remaining three parts




a.
Found in brain stem




b.
Control basic body functions such as cardiac, respiratory, and other brain processing functions


G.
Spinal cord has thousands of neurons that serve as the messenger cable to and from the body and brain



1.
If severed, sensory and motor function below the level of interruption is lost



2.
Nerves connected to spinal cord that go out to the body are the peripheral nervous system



a.
Nerves connected to neck’s spinal cord go to shoulders and arms




b.
Nerves connected to low back and sacrum area go to buttocks, legs, and genitalia




c.
Sensory neurons send message from body to spinal cord, then to brain




d.
Motor neurons receive signals from the brain through spinal cord to make muscles work
II.
Common mechanisms of injury
A. Rapid deceleration (impact-related trauma)

B. Rapid acceleration

C. Compression injury to the spinal column (e.g., falling object, diving accident)

D. Penetrating or impaled object

E. Near drowning

F. Hypothermia and hyperthermia

G. Electrical injury, including lightning strike

H. Primary injuries occur from external trauma; secondary injuries are from inadequate brain perfusion, increased intracranial pressure, or hypoxia

I.
Increased intracranial pressure (ICP) is caused when there is increased volume from blood or edema (swelling) that causes compression of brain tissue, reduces cerebral blood flow, and causes cerebral hypoxia—left uncorrected will reduce brain function and result in death

J.
Coup-contrecoup (blow-counter blow) is caused by rapid deceleration where the brain keeps moving forward in the cerebral spinal fluid (CSF), strikes the inside wall of the skull (“coup”), causes damage to macro and micro structures in brain, then brain rebounds and strikes opposite wall within the skull (“contrecoup”)—can result in severe intracranial bleeding and swelling and compromise brain function
K.
Anticoagulants that delay blood clotting can cause patients who sustain head trauma to bleed longer, causing rapid life-threatening intracranial bleeding

III.
Common injuries

A.
Closed and open injuries are possible



1.
Closed injuries are where the integrity of the cranium and spinal column are not compromised



2.
Open injuries include exposed brain matter, CSF leaking from a wound or cavity, or bone fragments


B.
Head and brain injuries


1.
Scalp



a.
Has a generous blood supply and if injury penetrates cutaneous tissue, bleeding can be profuse and lead to significant blood loss


2.
Skull fractures



a.
Classified as linear, depressed, and basilar




i.
Linear has single nondisplaced fracture line, usually presents with significant soft-tissue swelling





ii.
Depressed is a comminuted fracture with displacement; fragments may or may not intrude on underlying brain tissue that creates a soft spot or depression overlying the fracture





iii.
Basilar occurs along the floor/base of skull; common in high-velocity blunt MOI; may allow CSF to leak out; may develop raccoon eyes or Battle’s sign over several hours



3.
Traumatic brain injury (TBI)




a.
Mechanical injury to brain resulting in short- and/or long-term neurologic deficit




b.
Most commonly associated with high-speed acceleration/deceleration or rotational forces




c.
Related injuries include:

i. Concussion

ii. Cerebral contusion

iii. Cerebral hematoma

iv. Diffuse axonal injury

v. Intracerebral hemorrhages
vi. Recurrent traumatic brain injury

4.
Concussion

a.
Temporary disruption of coordinated brain function caused by trauma; classified as mild, moderate, or severe

i.
Mild involves minor disruption of brain function and no loss of responsiveness, but may include confusion, dizziness, nausea, vomiting, headache, visual and auditory disturbances

ii.
Moderate involves loss of responsiveness of less than five minutes with more pronounced disruption of brain function

iii.
Severe is loss of responsiveness greater than five minutes and significant disruption of brain function

b.
Many patients exhibit some memory loss; severity depends upon extent of concussion—retrograde or antegrade amnesia






i.
Retrograde presents with no recollection of events prior to the injury, including the injury






ii.
Antegrade is characterized by no recollection of events occurring after the injury






iii.
Patients often ask the same questions over and over—condition is known as preservation
c.
Post-concussive syndrome (PCS) has complex set of symptoms ranging from permanent memory loss to difficulty focusing and problem solving to depression and behavioral disturbances





d.
Symptoms may disappear as brain heals but can take months or years



5.

Recurrent traumatic brain injury




a.
Recurrent, mild TBIs that occur within hours, days, or weeks can cause cumulative damage





b.
Second injury could be much worse if first injury has not healed

c.
Patients who exhibit signs of TBI must be encouraged to cease the activity that caused the injury and seek medical care





d.
Always ask if there has been any other recent head injury (brain trauma)



6.

Cerebral contusion




a.
Bruise in brain involving rupture of small, superficial blood vessels that generally affect localized areas





b.
More serious than a concussion but may present with identical signs and symptoms



7.

Cerebral hematoma




a.
Two types—epidural and subdural






i.
Epidural hematoma
a)
A TBI that results in arterial bleeding between the skull and dura mater, usually from the middle meningeal artery

b)
Rapidly increases pressure within the skull, compressing the brain and compromising vital brain functions

c)
Onset of signs and symptoms is rapid and consists of an initial period of unresponsiveness followed by a lucid period and then becomes increasingly less responsive and eventually comatose





ii.
Subdural hematoma






a)
Collection of blood between the dura mater and the brain and is venous in origin







b)
Associated with underlying cerebral contusions 







c)
May resemble signs and symptoms of epidural except lucid moment does not occur

                          
d)
Progresses more slowly, causing symptoms to progress slower, perhaps not showing for hours, days, or even weeks after initial insult




b.
Both types are potentially life threatening and require surgical correction

            
 c.
OEC Technician should be able to identify patients with signs and symptoms of significant head injuries   and ensure appropriate transport to a trauma center capable of managing these injuries



8.
Diffuse axonal injury (DAI)




a.
Devastating TBI that results in widespread brain damage—causes suppression of electrical activity




b.
Caused by high-velocity rotational acceleration/deceleration mechanisms




c.
Patient may be unresponsive at the time of injury or become unresponsive later



9.
Intracerebral hemorrhage



a.
Bleeding that infiltrates the brain tissue, disrupting normal cerebral function




b.
Prognosis is poor for someone taking anticoagulants


C.
Spinal injuries


1.
Common neck and back injuries include soft tissue, muscle or ligament strains, and fractures



2.
Fractures of the vertebrae can occur from blunt, penetrating, compression, twisting, or distraction forces

3.
Flexibility of the spine in cervical and lumbar regions can cause them to be more susceptible to hyperflexion, hyperextension, and rotational injuries

4.
Thoracic region and sacral and coccygeal vertebrae are more rigid and more prone to blunt and compression trauma
5.
Cervical vertebrae injuries can occur from any of previously mentioned mechanisms


a.
Fracture of first vertebrae (C1) most often caused by severe axial loading of spine (Jefferson fracture)

b.
Cervical vertebrae are thinner, therefore more prone to fracture than other vertebrae


c.
Most common sources of this type of fracture are diving, falls, downward blow to head


d.
Fractures of C2 vertebrae usually caused when the face forcibly strikes an object, causing neck to snap violently backward (hangman’s fracture)

e.
Fractures/dislocations involving both C1 and C2 are known as atlas-axis injuries; occur following rapid deceleration—when neck is forcibly hyperextended


f.
Fractures to C3–C5 can damage nerves that innervate the diaphragm, resulting in patient being unable to breath on his own

6.
Thoracic vertebrae and posterior thoracic cage protect the spine and underlying organs


a.
Upper thoracic spine fractures are less common


b.
Usually result of significant blunt trauma


c.
Look for internal chest injuries when scapula appears to be fractured


d.
Rib fractures can involve single or multiple ribs and are prone to blunt trauma injury

7.
Lower thoracic (mid-back) and lumbar spine (lower back), or the junction of both, are most common fractures of spine

a.
Lumbar vertebrae injuries usually due to twisting forces and sudden axial loading, but can also occur following acceleration-deceleration forces (e.g., seatbelt injury)


b.
Sacral injuries are rarer, but coccygeal vertebrae injuries are more common due to persons falling on the buttocks

8.
Neurologic injuries can be caused by broken or displaced vertebrae, where indirect or secondary injury can be caused by pressure from bleeding within the spinal canal, resulting in neural ischemia

9.
If spinal precautions are not used, damage can occur when unstable vertebrae or vertebral bone fragments intrude into the spinal canal, placing pressure directly on the spinal cord

10.
Neurogenic shock’s most common cause is spinal cord injury; see Chapter 10 for more details
IV.
Patient assessment

A.
After securing scene, assess head, neck, and back; determine MOI, looking for mechanisms with significant potential for neurologic injury

1. Fall greater than 2.5–3 times patient’s body height
2. Moderate- to high-speed motor vehicle collision in which:

a. One or more occupants were killed
b. The patient was unrestrained and/or was ejected from the vehicle
c. Vehicle was bicycle, motorcycle, snowmobile, or all-terrain vehicle (ATV), especially if no helmet worn

3.
Pedestrian/bicyclist struck by motor vehicle
4.
Skier/snowboarder/cyclist collision with another or a fixed object, such as a tree or lift tower

5.
Gunshot wound to the head, neck, chest, back, abdomen, pelvis, or proximal to the elbow or knee 

6.
Burial in avalanche or cave-in

7.
Impact by rock, tree, or other falling object

8.
High-voltage electrical shock, including lightning strike 


B.
Perform primary assessment and correct immediate life threats to ABCDs, assess mental status and CMS in all four extremities


C.

If patient unresponsive or suspect spinal injury, maintain spinal alignment when caring for life threats



1.
If airway establishment needed, maintain cervical spine stabilization manually to open airway using jaw-thrust maneuver, apply cervical collar and perform lifesaving interventions such as CPR as needed


D.
Any patient with significant MOI for potential head or spinal cord injury should have neck and spine manually stabilized



1.    Kneel beside or above patient’s head

2.    Place your hands on either side of patient’s head, with palms adjacent to the ears and fingers supporting the jaw and back of head 

3.    Gently move head so that eyes are looking forward and nose and chin are aligned with sternum; never force head into alignment; if the patient has muscle spasms in neck, if movement causes increased pain in neck or numbness, tingling, or weakness in extremities, or if alignment compromises airway or breathing, stop what you are doing and stabilize patient in position found

4.    Do not allow patient to move 

E.
Mini-neurologic exam


1.
Used to assess brain function; components thoroughly described in Chapter 7 (Patient Assessment)

a. Level of responsiveness (AVPU)

b. Pupillary exam (PERRL)

c. Best motor response (from the Glasgow Coma Scale)

2.
Record findings

F.
Maintain manual stabilization of C-spine during secondary assessment



1.
Perform usual exam using DCAP-BTLS


2.
When examining head, check for leakage of CSF, an indicator of a skull fracture




a.
CSF likely mixed with blood and can leak from fractures, ear canals, nostrils, or the mouth




b.
CSF will leave “bull’s eye” on sterile gauze



3.
Obtain SAMPLE



4.
TBI will have the following vital sign changes

a. Increased systolic blood pressure

b. Decreased diastolic blood pressure

c. Tachypnea or abnormal respiratory rate and pattern

d. Bradycardia or abnormally slow heart rate 

5.
Posturing is abnormal neurologic finding that indicates central nervous system has suffered serious injury

6.
CMS completes the exam as patients can have additional symptoms besides loss of sensation and motor function


a.
Skin color below the level of injury can be flushed, can be only on one side in rare cases


b.
Spontaneous breathing may be absent in spinal cord injury at or above C5

7.
Continue to monitor ABCDs, LOR, CMS, and vital signs; document any changes

V.
Management

A.
The goal of emergency management of traumatic brain and spinal cord injuries is to adequately maintain the patient's vital signs, and transport the patient avoiding secondary injury, especially to the nervous system

B.
General treatment 
1. Correct any life threats while protecting the spine

a.
Provide CPR, if necessary

b.
Establish and maintain adequate airway using jaw-thrust maneuver and any adjuncts described in Chapter 9 

c.
Ensure adequate respirations and provide supplemental oxygen
d.
Control external bleeding and maintain blood flow to the body

2. Following assessment of the mental status, determine if there is any care needed for other medical problems, particularly one that could also have compromised mental status (i.e., diabetes)

3. Protect spine using manual stabilization until spinal immobilization equipment becomes available  
a.
Patients with head injury should be treated as if they have a spine injury

b.
Patients who are walking and state “I don’t remember falling” or “I don’t know where I am” should be considered to have a TBI, requires spinal immobilization unless there is a clear medical reason for the change in mental status

c.
If the patient is lying on the ground, keep the person still and lying down, or if sitting or standing, stabilize the spine in the position found

d.
Once spinal equipment is made available, immobilize the patient’s entire spine using the appropriate technique 
4. Treat other injuries 
5. Monitor patient, checking level of responsiveness and vital signs every five minutes; record any changes

6. Transport the patient with head uphill to prevent worsening of an intracranial head injury; transport to definitive-care facility as soon as possible

C.
Sizing and applying a cervical collar

1.

Stabilization of the head and C-spine is the first step in properly immobilizing a spine-injured patient

2.
Use of rigid cervical collars (C-collar/extrication collar) provide support for head and C-spine during transport—protection only partial; need to maintain manual stabilization until patient is applied to a long spine board (LSB)


3.

General instructions
a.
Maintain or establish manual stabilization of the head and C-spine 
b.
Measure the patient and C-collar—follow manufacturer’s directions for measuring and applying 

i.    If appropriate size unavailable, or if the C-collar cannot be applied appropriately for any reason, do not use—instead, place two rolled towels tightly against the side of the head as a modified head block or a blanket in a horseshoe shape over the top of the head and secure the patient’s head to the LSB with cravats 

c. 
Apply the C-collar
i. Open patient’s coat or shirt
ii. Move bulky clothing out of the way
iii. Slide posterior neck portion of collar behind the patient’s neck
iv. Swing chin portion of collar up the patient’s chest until it cups the chin
v. Secure C-collar using the Velcro closure and ensure proper fit
D.
Placing a patient on a long spine board


1.
Supine patient



a.
A log roll must be executed carefully to prevent twisting of the spine or bending or twisting movements




b.
See OEC Skill 21-3 to log roll a supine patient onto the LSB




c.
If patient is not properly centered on the LSB, use OEC Skill 21-4 (axial drag) to move the patient




d.
Secure patient on LSB by following manufacturer’s instructions and padding any voids





i.
Generally the torso is secured, then the pelvis and extremities





ii.
The head is secured last using manufactured immobilization device or towel or blanket rolls



a)
Using two standard towels rolled together or a blanket (horse-collar shaped), place on either side of patient’s head and secure using tape or a cravat over patient’s forehead and secure the C-collar with a second piece of tape



e.
Reassess patient’s airway, breathing, and CMS



f.
Document and monitor



2.
Sitting patient



a.
To address sitting patients see OEC Skill 21-6, making sure to stabilize the head and C-spine while placing on a short spine immobilization device




b.
If no short board available, place patient on LSB




c.
After placement on LSB, reassess patient’s airway, breathing, and CMS



3.
Standing patient



a.
A walking or standing patient with possible TBI or spinal injury should be fully immobilized using OEC Skill 21-7




b.
After placement on LSB, reassess patient’s airway, breathing, and CMS


E.
Procedure for removing a helmet (lying patient)


1.
Remove a helmet if:

a.
Patient does not have patent airway, is not breathing adequately, and presence of helmet prevents you from managing these problems

b.
Helmet is too big or otherwise allows patient’s head to move while in place

c.
Presence of helmet prevents you from properly immobilizing the spine

d.
Patient is in cardiac arrest

e.
Helmet is broken and does not allow proper head and neck immobilization



2.
To remove a helmet




a.
Align patient axially
b.
Rescuer #1 manually stabilizes head and C-spine (Place hands on either side of the helmet)


c.
Rescuer #2 carefully opens face shield and/or removes goggles, unfastens chin strap, and places one hand at occiput and other at chin; an alternative method can be used in which Rescuer #2 places hands along either side of the patient’s head at bottom edge of helmet, so that the fingers are in position to support each side of the face up over the ears

d.
Remove helmet
i.
Rescuer #1 grasps helmet straps or sides of helmet and pulls them apart, spreading helmet, then pulls the helmet axially away from the patient’s head, providing forward rotation of the helmet to ease passage of mouth guard off face 

ii.
Rescuer #2 slides fingers up to occiput and chin ensuring head and C-spine remain immobilized (or on both sides of the head over the ears)

e.
Apply cervical collar

Case Presentation
You are dispatched to an accident in which a skier has collided with a tree. Upon your arrival, you find an unresponsive male skier, approximately 30 years old, lying on his side at the base of a large tree. You immediately open the airway and simultaneously check for breathing and for a carotid pulse for no longer than 10 seconds in accordance with the 2010 Emergency Cardiac Care (ECC) recommendations. You note blood leaking from the patient’s nose and ears. The ski tracks indicate that the patient went straight into the tree.


What should you do?

Case Update

You quickly ensure safety by securing the scene, and then you summon assistance. You instruct rescuers to bring a long spine board, a C-collar, oxygen, and a trauma pack. You also request a toboggan and a helicopter for transport.  The patient’s pulse is 92 and regular. As you await help, you make sure the patient’s airway remains open by using a jaw-thrust maneuver that maintains cervical spinal alignment, and you make sure he continues to breathe. At the same time, you begin to visually assess the patient’s injuries. He has contusions on his right facial cheek and his forehead. Soon, several other OEC Technicians arrive on scene.

What should you do now?

Case Disposition
You instruct one OEC Technician to take over manually stabilizing the patient’s cervical spine and maintaining the airway with the jaw-thrust maneuver, and you instruct another to place the patient on high-flow oxygen. You palpate the entire body and find no other injuries. You place a C-collar on the patient, and with the assistance of other patrollers carefully log-roll him onto a long spine board. His vital signs remain stable. After securing the patient to the LSB, you load him into a toboggan with his head uphill, and quickly transport him to a nearby landing zone, where his care is transferred to a helicopter’s medical crew after giving them a brief but pertinent hand-off report. The patient is then flown to the nearest trauma center.
During your monthly patrol meeting later that week, you learn that the patient had a linear skull fracture with an epidural hematoma and a fractured vertebra at C6. Although the patient’s condition is serious, he appears to be making progress and reportedly has a good chance of returning to a normal life. The neurosurgeon was very impressed with the care the patient received in the field and commends you and your team for recognizing the severity of the brain injury, protecting the patient’s spine, and getting him to the hospital so quickly.
Discussion Points
Have you or anyone in your family ever been placed on a long spine board?

What kinds of cervical collars does your area use? 

Where does your area keep/store cervical collars?

Are there other people at your area who are trained to help with spinal immobilization?

What kind of helmets do you suspect that you will encounter as an OEC Technician? Will they be snowmobile helmets, racing helmets, or recreation style such as bike or skate helmets?

What kind of devices does your area use to secure the head to a long spine board? Are they commercial devices or blanket/towel style rolls?

What kind of spinal immobilization devices does your area use? Long spine boards? Short boards or vest style devices?

Does your area use the AVPU or GCS for assessing the neurologic status of a patient?

Have you or anyone in your family suffered a concussion? Did you/they have antegrade amnesia or retrograde amnesia?
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