
OUTDOOR EMERGENCY CARE, 5th Edition                      Instructor’s Manual
Chapter 20  Musculoskeletal 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)
SECTION ONE
Chapter Objectives

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

20-1.1. Describe the functions of the following structures:

a.  bones
b. cartilage
c. joints
d. muscles
e. synovium
f. tendons
20-1.2. Describe the physiology of human movement.

20-1.3. Describe how musculoskeletal tissues heal.

20-1.4. List the six types of musculoskeletal injuries.

20-1.5. Compare and contrast sprain and strain.

20-1.6. Describe two classifications of fractures.

20-1.7. List the signs and symptoms of sprains and fractures.

20-1.8. Define the following terms:

a. dislocation
b. fracture
c. sprains
Essential Content 
I.
Anatomy and physiology

A.
The skeleton


1.
Axial skeleton




a.
80 bones




b.
Skull, vertebrae, and thoracic cage




c.
Transfers weight from head, trunk, and upper extremities to lower extremities




d.
Responsible for upright position of body



2.
Appendicular skeleton




a.
126 bones




b.
Shoulder, arms, pelvis, and legs




c.
Responsible for manipulating objects and locomotion



3.
Three major types of bones




a.
Long—humerus, radius, ulna (upper extremities); femur, tibia, fibula (lower extremities)




b.
Flat—skull, scapula, ribs, sternum, pelvic bones



c.
Irregular—vertebrae, bones of wrist, hands, ankle, and feet




d.
Long bones consist of:





i.
Epiphysis/bone ends





ii.
Diaphysis/bone shaft





iii.
Ends covered with articular cartilage






a)
Provides nearly friction-free surface, allowing bone ends to move smoothly against one another





iv.
Children’s bones grow longer at ends—trauma can affect bone growth and development




e.
Outer part of bone is a tough lining called periosteum




f.
Beneath is the hard cortex




g.
Inside cortex is bone marrow where blood cells are made




h.
Bones highly vascular




i.
When cortex breaks, marrow may bleed severely


B.
Joints



1.
Location at which two or more bones make contact with one another



2.
Allow the body to bend, straighten, and produce all body movements



3.
Consist of two bones and connective tissue in the joint capsule




a.
Capsule contains synovial fluid/synovium




b.
Articular surface and fluid allows bones to move freely within capsule



4.
Provide different degrees of movement




a.
Free motion: knee, hip, elbow, and shoulder




b.
Slightly movable: vertebrae




c.
Minimal motion: shoulder (acromioclavicular)




d.
Some fuse together during development (skull)


5.
Five types of joints



a.
Ball and socket: allow movement in multiple planes, including flexion, extension, abduction, and adduction—shoulder and hip




b.
Hinge joint: allow movement in one plane only (flexion and extension)—elbow, knee, and finger




c.
Gliding joint: permit bones to slide or glide over one another—ankle and wrist




d.
Pivot joint: allow one bone to rotate on another—thumb and radio-ulnar joint



e.
Suture joint: sometimes called fixed joints; permit little to no motion—sacroiliac and symphysis pubic joints and closed joints in skull that were not closed during infancy


C.
Ligaments



1.
Thick bands of tissue that connect two bones together



2.
Strong connective tissue that resists stretching, restricts abnormal joint movement



3.
Holds one bone to another; provides structure and stabilizes the skeleton



4.
Knee ligaments are located on each side, connecting femur to tibia on inside and to fibula on outside; forms a stable hinge joint



5.
Shoulder joint, with only a few ligaments, is able to move in almost any direction



6.
Extent to which joint can move is determined by degree of tightness or laxity of ligaments and capsule; also by orientation of bone ends to each other



7.
Damage occurs when joint is pushed beyond its limit




a.
Ligaments can overstretch or tear; capsule can tear open




b.
Joint becomes unstable, which can limit function


D.
Muscle



1.
Tissue that when stimulated has the ability to contract


2.
Tissue shortens when two proteins, actin and myosin, “ratchet” on each other during contraction



3.
Returns to original length during relaxation phase



4.
Controlled by nervous system



5.
Function can be reduced or lost due to disease or injury



6.
More than 600 muscles, most divided into complementary pairings



7.
Three types of muscle with unique functions




a.
Skeletal/voluntary muscle





i.
Under direct voluntary control of the brain





ii.
Make up the major visible muscle mass in the body





iii.
Have a generous blood supply





iv.
Cannot continue to function without cycle of energy supply and waste removal through arteries and veins




b.
Smooth/involuntary muscle





i.
Muscle action does not require conscious thought, such as blood pressure and digestion




ii.
Found in gastrointestinal tract, urinary system, blood vessel walls, and bronchi of lungs





iii.
Pushes contents of the tube-like structures along their course





iv.
Can alter diameter of blood vessels, thereby controlling volume of blood flow




c.
Cardiac 





i.
Involuntary muscle found only in the heart





ii.
Has internal electrical system and abundant blood supply




d.
Smooth and cardiac muscle not part of musculoskeletal system but are presented to show the differences


E.
Tendons



1.
Strap-like continuation of a muscle that connects a muscle to a bone



2.
Transmits the force of a contracting muscle to the bone


3.
When damaged, effectiveness of muscle is significantly reduced

II.
Physiology of human movement

A.
The healing process


1.
When damaged, bones and other musculoskeletal tissues are able to generate new tissue



2.
Ability to heal depends on extent of damage, age, nutrition, and overall health



3.
Tissue may heal completely with no trace of injury or may leave scar tissue



4.
Bone can break (fracture) and become unstable

a. Break causes bleeding and a hematoma forms around site

b. Hematoma organizes into substance called callus

c. Calcium is deposited into site, forming new bone

d. Immobilization is important to bone healing



5.
Muscle heals slower than bone in most cases



a.
Scar tissue makes up some of the new tissue



6.
Ligaments also heal slowly with some scar tissue




a.
Ligament tissue can become nearly as strong as before injury, unlike muscle



7.
Healing process is virtually the same as for bone, but calcium is not deposited


8.
Ligaments can take up to a year to mature



9.
Tendons heal similarly, need to be protected for several months depending on affected tendon



10.
Cartilage does not heal—usually removed or surgically repaired

III.
Common musculoskeletal injuries

A.
Several types of injuries that may occur individually or in combination

B.
Surrounding tissues, nerves, and blood vessels can be linked to bone and joint injuries—also known as zone of injury—can be quite large depending on the amount of traumatic kinetic energy involved


C.
Sprain



1.
Results in stretching or tearing of a ligament



2.
Occurs when joint is displaced beyond normal alignment



3.
Mild sprains heal relatively quickly; completely torn ligaments need surgical repair



4.
Common injuries involve shoulder, wrist, knee, and ankle


D.
Strain



1.
Stretched or torn muscle



2.
Affects muscle only



3.
Mild requires only a few days to heal; severe can require surgical repair and several months for healing



4.
Common injuries involve hamstring, biceps, and back muscles

E.
Tendon rupture


1.
Sudden and forceful contraction of muscle tissue that damages muscle or tendon



2.
Causes reduced or complete loss of associated joint’s active motion



3.
Diseased or fatigued tendons are prone to rupture



4.
Common tendons that rupture are Achilles, biceps at the elbow, flexor tendons in the fingers; less common are the quadriceps above the patella and tendon that is part of the rotator cuff in the shoulder


F.
Fractures



1.
Break in a bone usually due to trauma, but may also be due to bone disease



2.
Closed fracture: overlying skin surface has not been disrupted



3.
Open fracture can be a true emergency because overlying skin is damaged; also known as compound fracture, which can allow contaminants to enter body



4.
Nondisplaced fracture: bone remains in normal anatomical alignment



a.
Might appear normal except for swelling at fracture site



b.
Difficult to detect without x-ray



5.
Displaced fracture caused by fractured bone ends being anatomically misaligned




a.
Causes the affected extremity to appear bent, crooked, short, or rotated



6.
Complete fracture involves complete separation of bone surfaces



7.
Incomplete fracture (or hairline or torus) is where fracture line does not completely penetrate through all surfaces of the bone, leaving one side of bone intact




a.
Are nondisplaced




b.
Need x-ray to determine extent



8.
Certain fractures can result in significant blood loss, internally or externally




a.
Closed fractures with internal blood loss will stop due to limited space inside body to accumulate



b.
If space is large, like the thigh with a femur fracture, significant amount of blood can be lost




c.
Open fractures may bleed more depending on severity of damage since local soft tissues are not restricting the bleeding


G.
Dislocation



1.
Separation or displacement of the bones of a joint



2.
Usually requires forceful trauma



3.
Joint capsule and surrounding ligaments stretch or tear



4.
Soft tissues, blood vessels, and surrounding nerves are often damaged



5.
Can partially dislocate then return to normal anatomical position (subluxation)



6.
Can be “locked out” of normal anatomical position—movement can be dramatically restricted, preventing movement



7.
Both types of injury are very painful


8.
Most commonly dislocated joints are shoulder, elbow, fingers, hip, knee, and ankle


H.
Multiple MS injury



1.
Dislocations nearly always associated with some type of sprain


2.
Open fractures commonly associated with muscle, tendon, or ligament damage



3.
Fracture dislocations—fracture occurs in combination with a joint dislocation




a.
Most injuries occur in shoulder, elbow, fingers, and ankle




b.
Very painful injuries




c.
Neurologic or vascular damage may occur and present true medical emergency

SECTION TWO
Chapter Objectives

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

20-2.1. Describe the general assessment of MS injuries.

20-2.2. Describe the signs and symptoms of MS injuries.

20-2.3. List specific injuries involving the arm and leg. 

20-2.4. Describe and demonstrate how to assess each specific arm or leg injury.

Essential Content

I.
Assessment


A.
Scene size-up



1.
Mark the location a short distance from the scene



2.
Direct people away



3.
Determine how many patients are present, as collisions often result in more than one patient


B.
Assess patient’s ABCDs and correct any life threats



1.
Assess responsiveness



2.
Manually stabilize head and spine if neurologic injury suspected


C.
Assess mechanism of injury



1.
As a rule, patient who has a potential life threat, is unstable, is unresponsive, or has suspected multiple fractures is considered a high priority and should receive immediate care and be rapidly transported



2.
May be more than one injury if MOI significant


3.
Several factors affect type of injury, severity, and extent




a.
Mode, direction, and magnitude of the forces that produced the injury




b.
Patient age




c.
Quality and uniqueness of any sports equipment involved




d.
Position of the extremity in relation to the body at impact




e.
Characteristics of the surface(s) with which the patient came in contact


D.
Perform secondary assessment



1.
Obtain SAMPLE



2.
Assess nature and quality of patient’s pain


E.
Perform physical exam using DCAP-BTLS



1.
Full body assessment



2.
Avoid focusing only on obvious MS injury



3.
Follow standard order of assessment



4.
Common finding is deformity




a.
Area of body that is misshaped or bulging in appearance




b.
Generally caused by swelling or internal bleeding




c.
Gross deformity usually due to fracture or dislocation



5.
Patients often try to protect site from further injury—known as guarding



6.
Swelling is common sign 




a.
Due to localized damage to surrounding tissues




b.
Swelling that occurs quickly is considered serious, usually due to internal bleeding




c.
Ecchymosis may be present



7.
Examine suspected MS injuries by assessing distal neurovascular status first (CMS)




a.
C—Circulation, check for a pulse




b.
M—Movement, can fingers/toes move




c.
S—Sensation, can patient feel you touching distal to the injury site




d.
If injury involves axial spine, assess distal CMS in all limbs



8.
Document findings



9.
Examine rest of extremity before examining zone of injury




a.
Patient will pull away due to pain if injury palpated first





i.
Especially true in young children



10.
Expose injury site as soon as possible 




a.
Use judgment regarding patient modesty and outside weather




b.
Unless bleeding is profuse not always wise to expose on scene




c.
Feel under clothing assessing for pain, deformity, or blood on gloved hand



11.
Control bleeding if found



12.
Stabilize extremity and move patient to controlled environment if no bleeding




13.
Compare discovered injuries to MOI to avoid missing more serious injuries


F.
Formulate plan to manage injured parts, transport, and any special considerations


G.
Determine equipment needs including splints and transportation modes


H.
Make request for equipment and ALS if needed


I.
Reassess frequently, including vital signs and CMS


J.
Document changes

II.
Signs and symptoms of MS injuries

A.
Sprain

1. Point tenderness over the injured ligaments

2. Swelling and bruising within the zone of injury

3. Joint instability 

4. Decreased motion 

5. Difficulty bearing weight on the injured lower extremity joint 
  

B.
Strain 

1. Point tenderness over a muscle or portion of it

2. Pain when flexing or extending an extremity 

3. Bruising over a muscle
4. Swelling or hematoma  over muscle
C.
Ruptured tendon

1. A noticeable “gap” under the skin where the tendon is located 

2. Minimal pain, due to minimal nerve involvement

3. Little bruising or swelling 

4. Lack of joint movement due to lack of continuity of the tendon to the muscle to which it is attached  

D.
Fracture

1. Pain at fracture site that worsens upon movement of the affected bone 

2. Tenderness to palpation

3. Swelling, due to internal bleeding from the fracture site

4. Ecchymosis

5. Decreased motion, due to pain, lack of bone continuity

6. Deformity, due to misalignment

7. Wound over a suspected broken bone is always an open fracture

8. Bone crepitus

E.
Dislocations

1. Pain

2. Swelling

3. Deformity

4. Reduced joint motion

5. Joint “locking” or “freezing” 

III.
Assessment of upper extremity injuries

A.
Include CMS assessment, inspection, and palpation

B.
Assess each extremity individually, identify zone of injury first and examine last unless life threat associated


C.
Extremity movement should only be attempted if it does not cause pain


D.
Specific assessment for upper extremity injuries



1.
Clavicle and shoulder injuries



a.
Clavicle most frequently fractured bone in the body





i.
Commonly fractures in mid or distal portion





ii.
Skin may tent over fracture site





iii.
Painful with any motion of the arm—patient typically self-splints arm to chest wall
iv.
Significant blow can cause posterior sternoclavicular dislocation; a true life-threatening emergency due to compression of superior vena cava—reduces amount of blood that reaches heart

v.
Anterior S/C dislocations are not life threatening




b.
Acromioclavicular (A/C) joint is frequently sprained or dislocated when falling on “point” of shoulder




c.
Shoulder or glenohumeral joint has ligaments that hold shoulder in place that are not very strong





i.
Shoulder can easily dislocate





ii.
Prevalent in contact sports





iii.
Occur with violent falls





iv.
MOI for anterior dislocation is forceful abduction and external rotation of arm at shoulder

a)
Exposure of shoulder reveals skin dent under acromion where the humeral head has dislocated down and forward






b)
Very painful, may see numbness of the outside of shoulder or in fourth and fifth fingers





v.
Posterior dislocations are rare






a)
Occur commonly in vehicle accidents where patient reaches out and puts hand on dash






b)
Also seen when patient falls forward with elbow locked, pushing humeral head posteriorly




d.
Fracture of scapula on posterior chest wall rare, usually indicating severe MOI





i.
Chest wall (rib), internal chest, and spinal injuries are common due to forces involved





ii.
Patients will hold arm very still and resist movement of the limb



2.
Humerus fracture




a.
May fracture anywhere along length





i.
Ball





ii.
Neck, just below the ball, more frequent and common in children and older adults





iii.
Top can break into several pieces





iv.
Deformity uncommon due to large muscles over proximal humerus





v.
Shaft fractures common






a)
Point tenderness






b)
Swelling






c)
Angulation suggests presence of mid-shaft humerus fracture






d)
Very unstable—result in false movement of bone






e)
Can damage radial nerve, resulting in loss of extension of wrist and fingers



3.
Elbow injuries



a.
Very painful




b.
Present with gross deformity 




c.
Can have significant neurologic or vascular complications




d.
Distal fracture of humerus can cause early and late complications in children





i.
Caused most often by falling directly on elbow





ii.
Symptoms include gross deformity, severe pain, swelling, and possible CMS deficit




e.
Fracture to the radial head occurs by falling directly on it

i.
Symptoms include swelling over tip of elbow, possible gap between fractured bone ends, and inability to extend arm at the elbow

ii.
Can also occur due to falling on outstretched hand, causing radius bone forced into distal end of humerus




iii.
Pain present on lateral side of elbow; movement also very painful




f.
Elbow dislocation can also occur if patient falls on outstretched hand, locking joint





i.
Most common in adults

ii.
Pain is severe and aggravated with movement

iii.
Swelling develops rapidly and CMS can be compromised




g.
Nursemaid’s elbow





i.
Seen in toddlers





ii.
Caused by jerking arm or swinging child by the hands





iii.
Symptoms include self-splinting, slight flexion of arm, and pain




h.
Elbow injuries to children should be managed in timely manner



4.
Forearm injuries



a.
Sometimes difficult to differentiate between fracture or soft-tissue injury




b.
Fractures of radius or ulna shafts occur when individual falls onto outstretched hand or direct trauma





i.
Common among snowboarders and bicyclers





ii.
Limb may be angulated, exhibit false movement if both bones fractured





iii.
Swelling, point tenderness, and deformity may be seen





iv.
CMS can be compromised




c.
Fracture to distal end of ulna can occur from falling on the bone





i.
Direct blow is another MOI





ii.
Commonly referred to as “nightstick” fracture


5.
Wrist injuries



a.
Fall forward causing distal radius and ulna fracture sometimes called “silver fork” or Colles’ fracture





i.
Deformity, pain, swelling, and false movement common




b.
Most common fracture of eight carpal bones is scaphoid or navicular bone





i.
Symptoms include pain in lateral side of wrist joint





ii.
Dislocation or fracture results in deformed looking wrist, severe pain, swelling, and reduced motion




c.
Patient will often cradle injured wrist in opposite hand



6.
Hand and finger injuries



a.
Sprain of ulnar collateral ligament of thumb




i.
Called skier’s thumb





ii.
Can occur to hikers who fall using walking poles




b.
“Boxer’s” fracture occurs while falling on hand in fist or hitting object with hand in fist




c.
Hand/finger injuries can damage tendons, creating severe disability




i.
Symptoms include pain, swelling, and loss of motion





ii.
Deformity may be present, angulation depending on forces involved




d.
Amputations can be partial or complete




e.
Snowblower accidents are one of the worst injuries to the hand

IV.
Assessment of lower extremity injuries

A.
Include CMS assessment, inspection, and palpation


B.
Assess each lower extremity systematically


C.
Avoid touching zone of injury unless exposure reveals bleeding, which should always be controlled first


D.
Patients are very sensitive to motion—try not to move unnecessarily as you examine

E.
Assess distal CMS of extremities, including movement of toes and evaluation of skin above boots

F.
Assessment of specific lower extremity injuries 


1.
Hip and pelvis injuries


a.
Significant force is required to dislocate the hip, either anteriorly or posteriorly



b.
Symptoms of anterior dislocation include abduction of thigh and external rotation of knee



c.
Posterior dislocation MOI is significant force applied to knee of sitting person




i.
Usually occurs to unrestrained persons in cars whose knee hits dashboard




ii.
Fracture of ball (femoral head) may occur during dislocation




iii.
Symptoms include internal rotation of knee and shortening of affected leg



d.
Sciatic nerve can be injured and may result in temporary partial or complete paralysis of ankle and foot

e.
Major blood vessels can be compromised, causing cells of the bone in femoral head to die, resulting in painful arthritis later in life



f.
Hip dislocation considered true orthopedic emergency



g.
Pelvic fractures can cause serious internal bleeding, producing shock


2.
Femur fracture


a.
Usually seen only in high-energy trauma



b.
Can occur anywhere along length



c.
Three parts: proximal, shaft, and distal



i.
Proximal usually referred to as “hip fractures”





a)
Result from excessive speed and direct trauma





b)
Displaced proximal femur fracture present with similar symptoms






i)
Affected leg is shortened and externally rotated






ii)
Pain is extreme and located in groin or inner aspect of thigh




ii.
Shaft fractures caused by direct and forceful trauma, fall or intense twisting of thigh





a)
Direct trauma results in transverse fracture





b)
Twisting results in spiral or oblique fracture





c)
Falls often result in comminuted fracture





d)
Symptoms include intense pain, deformity, thigh swelling, false movement, and angulated bone




iii.
Distal end has medial and lateral condyles




a)
 Fracture occurring just above or between the two called supracondylar

b)
Symptoms include severe pain and swelling above knee, deformity, inability to move knee, and thigh muscle spasms





c)
Popliteal artery and veins can be damaged by jagged bone ends causing compromised CMS

 
3.
Knee injuries


a.
Common occurrence in outdoor activities (30 percent of all ski injuries)


b.
Most common injury is medial collateral ligament sprain—when knee is stressed in valgus position




i.
Symptoms include point tenderness above, below, or over joint line on inside of knee



c.
Can also have lateral collateral ligament sprain—knee is stressed in varus position



d.
Anterior cruciate ligament can be torn




i.
Patient reports feeling or hearing a “pop” and immediate pain




ii.
Usually requires surgical repair and rehabilitation

e.
Cartilage injuries also common—articular on the end of femur and tibia and meniscus on medial and lateral sides



i.
When cartilage is torn causes pain, swelling or fluid on knee joint, and reduced mobility



f.
Injuries near knee involve distal end of femur, proximal end of tibia or fibula, or patella




i.
Patella (knee cap) can be fractured, dislocated, or ligaments can rupture





a)
Typically caused by falling on knee or blunt force hitting anterior of knee





b)
Fracture may be open so expose injury to assess for bleeding





c)
Dislocation fairly common, caused by excessive direct force to one side or the other






i)
Knee is usually flexed with large firm bulge on outside of knee






ii)
Can often pop back into place






iii)
Patella dislocation should not be confused with a dislocated knee

ii.
Knee dislocation associated with massive trauma involving at least three of the ligaments of the knee that are completely torn

a)
Knee joint moves into abnormal anatomical position displaying gross deformity where proximal tibia is in front of or behind the femur


b)
Leg may be severely angulated at knee joint


c)
Causes severe neurovascular compromise

iii.
Rupture of quadriceps tendon or patellar ligament caused by contraction of quadriceps muscle that is too forceful, resulting in tendon ripping off the top of patella


a)
Patient will report hearing a pop


b)
Will be a palpable gap in extensor mechanism


c)
Patient unable to straighten out affected leg at knee


d)
Swelling occurs from internal bleeding




g.
 Assessment at scene should be brief; perform further assessment in controlled environment



4.
Tibia and fibula injuries



a.
Proximal fractures may occur from falls from heights or flat landings




i.
Bottom of femur is forced into top of tibia, causing compression fracture just below joint line





ii.
Extremely painful injuries




b.
Shaft fractures usually occur to both bones and frequently open fracture to tibia 



c.
Boot top fracture is one or both bones broken across in transverse fracture




d.
Spiral fractures where tibia is broken in middle and fibula broken above or below tibial fracture




e.
Direct blow fracture is broken across and may have butterfly fragment



5.
Ankle injuries



a.
Occur to outdoor enthusiasts who traverse rough, uneven terrain




b.
Most due to rolling the joint and having lower top footwear




c.
Can be inversion (turning arch up) or eversion (flattening arch) injuries




d.
Recent reports of snowboarders having fractures (talus bone) that appear as sprains 




e.
Other causes include axial compression from falls, twisting, or shearing




f.
Most injuries present with point tenderness, swelling, ecchymosis, and reduced motion



6.
Foot and toe injuries



a.
Rare in snow sports, more common in ice skating, tubing, etc.



b.
Calcaneus (heel bone) is most common break, caused by landing on heel from height




c.
Metatarsal fractures occur in jumping sports

V.
Axial skeleton injuries

A.
Trauma to head, neck, and spine covered in Chapter 21


B.
Take precedence over extremity injuries unless severe bleeding to a limb


C.
Sternum and rib injuries covered in Chapter 23

SECTION THREE

Chapter Objectives

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

20-3.1. Explain the general management of a person with an MS injury. 

20-3.2. List and demonstrate the use of the following types of splints:  

         a. sling and swathe
         b. Quick Splint
         c. soft splint

         d. rigid splint

         e. traction splint

20-3.3. Demonstrate how to care for specific injuries to the arm or leg.

20-3.4. Demonstrate how to remove a boot, including a ski boot.

20-3.5. Describe and demonstrate placing a patient in the anatomical position using the principles of “jams and pretzels.” 
Essential Content

I.
Management


A.
Scene size-up


B.
Manage life-threatening problems, assess ABCDs, contact ALS as appropriate, apply oxygen as needed


C.
General care 



1.
Use Standard Precautions


2.
Formulate plan of action, obtain equipment, summon EMS



3.
Expose zone of injury


4.
Bandage wounds appropriately, controlling bleeding



5.
Use correct splint/immobilization device for injury



6.
Use cooling method for bruising or swelling



7.
Ensure patient comfort during transport



8.
Reassess neurovascular status frequently, adjust as needed



9.
Provide oxygen if appropriate



10.
Transport as soon as practical to higher level of care

II.
Splinting


A.
Reasons for splinting

1. Decrease movement of broken bone ends; allow hematoma at the fracture site to clot, preventing further blood loss (most important reason in femur, prevents shock)

2. Decrease pain at the fracture site

3. Reduce muscle spasms by placing the limb in a better anatomical alignment 
4. Prevent closed fracture from becoming an open one by a sharp bone end penetrating the skin 

5. Prevent any further damage to the soft tissues, including muscle, nerve, and blood vessels

6. Allow easier transport since the body is now in anatomical alignment

7. Prevent paralysis in spinal injuries


B.

Types of splints




1.
Soft splints





a.
Sling and swathe







i.
Two triangle-shaped cravats that hold the arm close to the body, preventing movement



ii.
Used to immobilize upper extremity injuries including clavicle fractures, shoulder separations, humerus and elbow injuries, and wrist injuries






b.
Air splint






i.
Dual-walled tube-shaped device inflated with air; used for long bones and controlling bleeding







ii.
Not always practical in nonurban settings due to limitations







c.
Vacuum splint






i.
Device is wrapped around limb and then air is extracted with a pump, forming rigid enclosure







ii.
Has some limitations—widely used in Europe and is becoming more widely used in North America





d.
Blanket roll/pillow splint







i.
Can be fashioned into splint around or beside nearly any joint, most notably elbow and ankle





e.
Pelvic binders







i.
Two methods of pelvic binding are common








a) Sheet wrap and commercial pelvic sling








b) Addressed in Chapter 24






2.
Rigid splint




a.
Rigid materials (heavy cardboard, wood, or metal) applied to sides, front, and/or backside of injured limb held in place with bandage or cravats






3.
Quick Splint






a.
Made of lightweight plastic or plywood, used generally for lower leg injury






4.
Airplane splint




a.
Special purpose rigid splint consisting of two pieces held together with a hinge that is adjustable and secured using cravats







b.
Used for bent knees, or shoulder injuries






5.
Malleable metal splint

a. i.
Lightweight aluminum or wire mesh available commercially (SAM) or fabricated (wire, ladder)
b. ii.
Used to immobilize elbow, ankle, or injury in position found, secured with cravat or roller bandage

c. iii.
Metal splints should be padded for patient comfort






6.
Traction splint

a. i.
Applies longitudinal traction to a bone, aligning fractured bone in more anatomical position

b. ii.
Several types/brands available

c. iii.
Used primarily for mid-shaft femur fractures (middle third of the femur)





a.
Improvised splints







i.
When conventional splints are unavailable; includes magazines, Popsicle sticks, ski poles, etc.







ii. 
Use only if the one commonly used for the injury is not available



C.

Principles of splinting



1.
Key principles of splinting

a. Check distal CMS before and after splinting; document the findings on medical report

b. Manually stabilize injury in position found until splint can be applied; gently hold bones above and below suspected injury site

c. Select appropriate splint

d. Properly size splint; splint should span joint above and joint below injury; if fracture involves long bone, size splint using uninjured bone  
e. Malleable splints should be shaped to match the extremity (make all adjustments away from the injury so as not to accidentally move the injured area)

f. Pad the splint (if needed) to maximize patient comfort—very important if the patient will be moved over rough or uneven terrain 

g. Position splint; place splint next to injured area or gently slide the splint under or around extremity

h. Secure splint using roller gauze, cravats, or tape; avoid making the splint too tight as can affect distal neurovascular status

i.  Assess CMS and adjust the splint if CMS is now compromised

2.
For long bone shaft fractures with obvious deformity:

a.
Use gentle longitudinal tension to align extremity for angulated/rotated injuries to allow splint application


b.
Use gentle in-line traction to align femur fractures for traction splint application

3.
In cases of significant shock, quickly immobilize, treat for shock, and provide rapid transport

4.
If unable to place extremity into anatomical position, place in best possible, most comfortable, and best immobilized position and transport

5.
Do not attempt to set (reduce) a fracture or force exposed bone fragments into anatomical alignment


a.
If bone ends go back into wound on their own, communicate with EMS that fracture was open

6.
If unable to splint before moving patient, maintain manual traction or immobilization until able to apply splint

7.
Apply cold packs, ice, or snow in bags on ecchymosis or local edema to control bruising or swelling, placing cloth or bandage between ice and skin to avoid cold injury
8.
Reassess neurovascular status of limb; adjust bandages and/or splints as needed

III.

Caring for specific extremity injuries


A.
Upper extremity injuries




1.
Be sure to remove jewelry early before swelling occurs; place in safe place and document location





2.
Shoulder, clavicle, and scapula injuries





a.
Most can be treated with sling and swathe







i.
Assess CMS







ii.
Apply sling  (see OEC Skill 20-1, 20-2)






iii.
Check CMS







iv.
Apply swathe




b.
Use sling and swathe for posterior sternoclavicular (S/C) dislocation without severe vascular compromise or breathing difficulty




c.
When vascular or respiratory life threat present, reduction may be necessary 




i.
Practice is controversial, but is taught in most comprehensive wilderness texts





ii.
Apply figure-eight splint after reduction 




d.
Anterior dislocated shoulders should be assessed and immobilized; do not attempt to reduce dislocation—patient should seek medical attention





i.
Apply blanket roll splint (OEC Skill 20-4)




ii.
Check CMS before and after applying splint




3.
Humerus fractures




a.
Often need to be realigned before splinting using gentle longitudinal tension





i.
Assess CMS






ii.
Align humerus using longitudinal tension






iii.
Stabilize limb until splint is applied (OEC Skill 20-5)






iv.
Reassess CMS




4.
Elbow injuries




a.
Usually splint in position found with sling and swathe





b.
Check CMS before and after splinting





c.
Transport rapidly to definitive care due to abundance of blood vessels and nerves in the area





d.
May also use board splints (OEC Skill 20-6)





e.
Loosen splint if distal CMS is worsened





f.
If elbow is straight, apply rigid splint to entire arm and then splint arm to side of the body for transport





g.
One axial alignment may be attempted following local protocol, preferably under medical direction, particularly if definitive care is more than two hours away




5.
Forearm injuries




a.
Injuries to bones of the forearm require splinting of the elbow and wrist using sugar tong or long arm splint (OEC Skill 20-7)





b.
Check CMS before and after splinting





c.
Apply sling and swathe as well




6.
Wrist injuries




a.
Generally splinted in position of function using SAM, cardboard to wooden splint held in place with roller bandage or cravat
 or sugar tong splint




b.
Patient should seek follow-up care by a physician




7.
Hand and finger injuries




a.
Splint hand injuries similar to wrist injuries (OEC Skill 20-8)






i.
Thumbs should be splinted with tongue blade/small splint and secured to index finger






ii.
Fingers should be splinted with tongue blade/small splint





b.
Impaled objects should be stabilized in place





c.
Amputated finger management described in Chapter 18





d.
Check CMS before and after splinting





e.
Leave fingertips exposed



B.

Lower extremity injuries




1.
Pelvis fractures





a.
Described in more detail in Chapter 24






b.
Immobilize on long spine board or in full-body air splint





c.
Transport to hospital 





2.
Hip dislocation





a.
Care centers on stabilizing affected leg and hip with blankets, pillows, backpacks






b.
Transfer to long spine board since this requires full spine immobilization 




3.
Femur fracture



a.
Proximal one third of femur can be immobilized using long spine board, full-body vacuum splint, or double pole splint



b.
Mid-shaft fractures should be immobilized with a traction splint (OEC Skill 20-9)





i.
Do not use traction splint if multisystem trauma patient is deteriorating—load and go





ii.
Several factors to consider in snow sport setting






a)
If ski/snowboard still attached to injured leg, leave in place as stabilizer until all is ready





b)
If ski/snowboard not attached to injured leg, leave in place and perform scene size-up, physical assessment, and call for equipment/help






c)
Have equipment prepared with adequate personnel present to reduce application time





iii.
General traction splint principles include






a)
Have sufficient resources available (two or more rescuers)





b)
Use proper axial alignment






c)
Provide continuous traction, avoiding unnecessary movement of leg






d)
Secure patient and splint to long spine board






e)
Consider padding between patient’s knees or splint legs together with cravats






f)
Do not allow patient to move to sitting position as it could reposition splint




c.
For open fracture, due to possible pain for patient, may need to apply tension, not traction




d.
Traction splints should only be removed by qualified hospital staff unless:





i.
Mechanical traction has loosened or was applied incorrectly





ii.
Boot needs to be removed




e.
Provide and maintain manual stabilization and axial traction until mechanical traction is reapplied




f.
Use rigid splint and possibly airplane or ladder splint for distal femur fracture




g.
If distal CMS is compromised, attempt realignment ONLY ONCE; if CMS returns, splint in position where improvements are first noted





4.
Knee injuries





a.
Generally splint in position found, unless CMS is compromised; may attempt one realignment






b.
Patellar dislocations should be splinted and ice packs applied, recommend medical follow-up






c.
An airplane splint may be used (OEC Skill 20-10) on a bent knee





d.
Apply Quick Splint (OEC Skill 20-11) and replace with cardboard splint (OEC Skill 20-12) unless extenuating circumstances





5.
Tibia and fibula injuries







a.
Expose, control bleeding if found and immobilize rapidly to prevent further injury




b.
If leg is angulated may attempt alignment prior to placing into splint; do not align if patient resists and splint in position found






c.
To use two rigid splints, see OEC Skill 20-13





d.
Boot removal is usually done in warm setting






e.
If using a vacuum splint







i.
Stabilize bones above and below injury







ii.
Prepare vacuum splint to manufacturer instructions







iii.
Place splint next to patient’s leg







iv.
Lift patient’s leg, slide splint under patient’s lower leg, lower leg onto splint







v.
Remove air from splint following manufacturer instructions







vi.
Place patient on spine board, securing leg to same






f.
Traction splint may be used as a last resort if no other splint available





6.
Femur/tibia fracture in the same leg





a.
These injuries usually involve other ABCD-related injuries that require attention first 





b.
Several methods for immobilizing these injuries include Quick Splint, a Quick Splint with a trombone slide for a floating knee, or traction splints



7.
Ankle injuries




a.
Attempt reduction of an ankle injury only if distal CMS is compromised or bone appears ready to come through the skin and should be attempted only once




b.
Difficult to differentiate between a fracture or sprain





c.
Pillow or blanket splint is often the best type of splint to use






i.
Stabilize above and below the ankle






ii.
Position pillow under ankle so foot rests in middle of pillow






iii.
Bring corner of pillow over top of foot, leaving toes exposed to reassess CMS






iv.
Secure pillow in place





d.
Quick Splint or air splint may be used but both are difficult to apply to deformed ankle





e.
Wilderness setting usually means self-evacuation; provide firm stabilization and monitor CMS frequently





f.
Best to leave boot on until patient is inside




8.
Foot and toe injuries




a.
Splint with blanket, pillow, or padded rigid splint





b.
Open and puncture wounds have high rate of infection—follow-up care is encouraged

IV.

Boot removal


A.
Current recommendation of NSP is to leave the boot on in outdoor environment, unless local protocols dictate otherwise



B.

If boot is unfamiliar, remove boot from uninjured extremity first



C.

See OEC Skill 20-14 for details



D.
Monitor patient’s perception of pain throughout procedure, stop and loosen boot if resistance is met

V.

Stabilized extrication and transfer — “jams and pretzels”


A.
Six basic anatomical positions that may be encountered with serious MS injuries in the field
1.
Position 1—Patient is supine, in neutral anatomical position with back straight and eyes facing forward. Extremities are straight with palms against the thighs. Ideally, patient should be aligned in this position before transfer to a long spine board.

2.
Position 1a—Patient is supine but head, neck, back, and extremities are rotated, bent, or in some position other than one that is anatomically correct. 


3.
Position 2—Patient is on side, but in neutral anatomical position, with back straight, eyes facing forward, and extremities straight with palms against the sides of thighs. Patient should be in this position when rolled to one side or the other, to position 1, using a log roll. 

4.
Position 2a—Patient is on side, with head, neck, back, and extremities in any position except normal anatomical position.

5.
Position 3—Patient is prone but in a neutral, anatomical position, except that head is usually turned to side.

6.
Position 3a—Patient is prone, with head, neck, back, and extremities in any position except neutral anatomical position.


B.

Goal of positioning an injured patient 





1.
Move patient into position 1 without causing damage to spinal cord or further neurologic injury





2.
Posterior reference points are head, shoulders, and hips





3.
Anterior reference points are nose, navel, and toes


C.

Goal of stabilized extrication 




1.
To align patient so that posterior reference points are kept in same plane





2.
Spine will be stabilized and there will be little or no motion in spinal segments





3.
Anterior points should always form straight line


D.

Usually need four rescuers to align patient





1.
One at patient’s head, shoulders, hips, and legs





2.
Movements coordinated by lead technician





3.
Move patient axially or vertically—never sideways 




4.
Move in increments of 6–12 inches at leader’s command





5.
Move only one joint and in only one plane at a time while stabilizing posterior points




6.
Patients in position 3a with head turned should have head/neck stabilized while remainder of body aligned to position 2a and then log rolled onto spine board




7.
Patients in confined positions (against a tree) should be moved away from confinement first and then into correct anatomical position




8.
Rescuer safety is important consideration—lift with hips and legs, keeping back straight and keeping load close to the body

Case Presentation
On a great day for spring skiing, a call comes over the radio for someone to respond to Moonshadow for a possible leg injury. Getting off the top of the lift, you cut across and find a helmeted teenager on twin-tipped skis, just below a jump, sprawled out on the snow. He is complaining that his right thigh hurts “very bad.” You notice that his right forearm is positioned at an unnatural angle. His buddies standing nearby say that he landed “hard.”

What should you do?

Case Update
After making sure that the scene is safe, placing crossed skis above the site, and taking Standard Precautions, you perform a primary assessment. The patient states that he caught “way too much air and crashed.” The patient’s respiratory rate is 16 and his left radial pulse is 100 and strong, but the radial pulse in his injured right arm is absent. You immediately call for assistance, a long spine board, a splint for the femur, and transportation to the first aid room. Because of the mechanism of injury, the lack of a right radial pulse, and the fact that ground transport to definitive care will take over 2 hours, you radio for air transport.

What should you do next?

Case Disposition
You perform a secondary assessment, which reveals a mid-shaft right arm injury with displacement and no distal pulse, and a possible mid-shaft right femur fracture with no external bleeding. Other OEC Technicians soon arrive. Because of the lack of a distal pulse and the long transport time to the hospital, you explain to the teen that you need to straighten his arm, that it will hurt, and that you need to get blood flowing to his fingers. Gently, you apply tension to his right hand, feeling the location where the radial pulse is located, while your partner holds the elbow. Upon straightening the arm, the radial pulse becomes strong. You expose the arm, find no bleeding, cover it back up, and splint it with a long SAM arm splint in a “sugar tong” configuration, and secure the splint with a roller bandage. You then apply a sling and swathe. He lies in a supine position, covered in a blanket your partner has provided. His right radial pulse remains strong.

With assistance from the other rescuers, you apply a Sager splint for the possible mid-shaft femur fracture, leaving  the ski boot on the foot. You then log roll the patient onto his left (uninjured) side and place him on a long spine board so that you can lift him into the waiting toboggan, where he can lie with his feet uphill. You again assess CMS of both affected extremities and vital signs before rapid transfer to the patrol room. The ALS ambulance arrives, and he is transported to the hospital.  

You learn the next day that he had surgery on both his arm and leg, that both have normal CMS, and that he will make a full recovery.

Discussion Points

Have you or a family member ever had an injured/broken leg or arm?
Have you or a family member ever had a sprained ankle? How was it splinted or supported?

What kind of traction splint does your area use?

What kind of transportation issues does your area have, such as distance to emergency care, terrain, or possible issues with the roads leading to the area that could delay transportation from arriving?
Does your area have a specific protocol relating to removing the boot on the hill or waiting till you get the patient to the aid room?
How can you improvise and make a traction splint?

Have you ever experienced the skier’s thumb injury?

Does your area use SAM splints or wire ladder splints? What are some of the advantages of using one or the other?

What is your area’s policy regarding removing rings, bracelets, or other jewelry? How does your area want you to document that you have removed items of value? 
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