Part III: Pathology of Sports Injury

Chapter 9: Mechanisms and Characteristics of Sports Trauma

Overview

From a mechanical point of view the human body is an incredible working machine. Operating at only 30% efficiency, it can overcome inertia and gravitational forces through the use of a complex system of levers and can propel itself through space exhibiting strong, powerful, yet graceful motions. Understanding the different structures in the body and how they may be injured can aid the athletic trainer in preventing many of the sports injuries that confront them daily.


In addition to understanding the mechanical reasons for sports injuries to the musculoskeletal system, one must realize that many other factors may predispose an athlete to a specific injury. Hereditary, congenital, or acquired defects in the anatomical structures or in the body build may make the athlete prone to a variety of injuries. A thorough understanding of these defects can help the trainer, working under the direction of an orthopedist or other qualified medical personnel, to ameliorate or eliminate faulty postural conditions through therapy. Remedial work of this kind can complement the training program and in most instances minimize the most obvious undesirable traits.


Injuries as a result of abnormal and repetitive stress and microtraumas also plague the athlete. Although some of the injuries in this category may be relatively minor, they can prove to be quite disabling. The athletic trainer must have a thorough understanding of many factors so that serious injuries that interfere with an athlete's performance may be prevented.

Learning Objectives

After completing this chapter, the student will be able to:

· Analyze the mechanical properties of tissue based on the stress–strain curve model.

· Discuss the five types of tissue loads that can produce stress and strain.

· Examine the anatomic characteristics of the musculotendinous unit, synovial joint, bone, and nerve.

· Evaluate how mechanical loads applied to the musculotendinous unit, synovial joint, bone, and nerve produce injury in these structures.

· Identify and differentiate various injuries to the musculotendinous unit, synovial joint, bone, and nerve tissue.
Key Terminology
Trauma - A physical injury or wound produced by an external or internal force

Load - External force or forces acting on internal tissue.

Stiffness - Ability of a tissue to resist a load

Stress - Internal resistance to an external load

Strain - Extent of deformation of tissue under loading

Deformation - Change in shape of a tissue

Elasticity - Property that allows a tissue to return to normal following deformation

Yield point - Elastic limit of tissue

Plastic - Deformation of tissues that occurs with application of a constant load over time

Creep - Deformation of tissues that occurs with application of a constant load over time

Mechanical failure - Exceeding the ability to with-stand stress and strain, causing tissue to break down.

Muscle strain - A stretch, tear, or rip in the muscle or its tendon.

Muscle cramps -Involuntary muscle contractions
Muscle guarding - Muscle contraction in response to pain

Clonic - Involuntary muscle contraction characterized by alternate contraction and relaxation in rapid succession

Tonic - Type of muscle contraction characterized by constant contraction that lasts for a period of time

Muscle soreness - Pain caused by overexertion in exercise

Tendinitis - Inflammation of a tendon

Tendon - Tough band of connective tissue that attaches muscle to bone

Crepitus - A crackling feel or sound

Tendinosis - Breakdown of a tendon without inflammation

Tenosynovitis - Inflammation of a tendon and its synovial sheath

Contusion - Compression of soft tissue that results in bleeding into surrounding tissues

Ecchymosis - Bluish purple discoloration of the skin

Myositis ossificans - Calcium deposits that result from repeated trauma

Synovial joint - Articulations of two bones surrounded by a joint capsule lined with synovial membrane.

Diastasis - Separation of articulating bones

Dislocation - A bone is forced out of alignment and stays out until surgically or manually replaced or reduced

Subluxation - A Bone is forced out of alignment but goes back into place

Osteoarthritis - A wearing down of hyaline cartilage

Bursitis - Inflammation of bursae at sites of bony prominences between muscle and tendon

Bursae - Pieces of synovial membrane that contain a small amount of fluid

Osteoblasts - Bone-producing cells

Osteoclasts - Bone-remodeling cells

Closed fracture - Fracture that does not penetrate superficial tissue

Open fracture - Overlying skin is lacerated by protruding bone fragments

Neuropraxia - Interruption in conduction of an impulse down the nerve fiber

Neuritis - Inflammation of a nerve

Referred pain - Pain that is felt at a point of the body other than its origin

Other Terms
Ductile - Tissue which can deform significantly before failing and consequently have a longer plastic area

Brittle - Tissue which can deform very little before failure
Acute-onset muscle soreness - Muscle pain which accompanies fatigue

Delayed-onset muscle soreness (DOMS) - Muscle pain which comes most intensely twenty-four to forty-eight hours after working out then gradually subsides

-itis - Suffix meaning inflammation of

Periosteum - The outside tissue covering of a bone which contains the blood supply to the bone

Salter-Harris - A fracture classification for growth plate injuries

Extended Lecture Outline

· Introduction: 

· Trauma is defined as a physical injury or wound produced by an external or internal force

· Athletic trainers must be able to identify, classify, understand and manage sports related trauma

· Force or mechanical energy is that which changes the state of rest or uniform motion of matter

· Mechanical Injury

· Tissue Properties

· Tissues have relative abilities to resist a particular load, the stronger the tissue the greater the load it can withstand

· Load =  external force acting on tissues which causes internal reactions within the tissues

· Stiffness = the relative ability of a tissue to resist a particular load

· Stress = the internal resistance of the tissues to an external load

· Strain = deformation of tissue due to a load

· Elasticity = property that allows a tissue to return to normal following deformation

· Yield Point = elastic limit of tissue

· Plastic = deformation of tissues that exists after the load is removed

· Creep = deformation of tissues that occurs with application of a constant load over time

· Mechanical Failure = Yield point has been exceeded leading to tissue damage

· Tissue Loading

· Tension = force that pulls or stretches tissue (muscle strains and ligament sprains)

· Compression = A force that with enough energy, crushes tissue (arthritic changes, fractures, and contusions)

· Shearing = A force that moves across the parallel organization of the tissue (Blisters, rips of the hands, abrasions and vertebral disk injuries)

· Bending = A force on a horizontal beam or bone that places stresses within the structure causing it to bend or strain (three point bending)

· Torsion = Caused by twisting in the opposite directions from the opposite ends of a structure (spiral fractures at an oblique angle in the long bones)

· Traumatic vs. Overuse Injuries

· Classifying injuries as acute vs. chronic is confusing

· Injuries better classified as Traumatic vs. Overuse (see Table 9-1)

· Musculotendinous Unit Injuries

· Anatomical Characteristic

· Musculotendinous unit consists of the muscle, the tendon, and the fascia that surrounds the muscle

· Three types of muscles (smooth, cardiac, and striated)

· Striated muscle = skeletal muscles

· Muscle Strains

· Each muscle is attached to bone at both ends by strong, relatively inelastic tendons that cross over joints

· Classification of Muscle Strains (Grade I, Grade II and Grade III)

· Muscle Cramps

· Painful involuntary skeletal muscle contractions

· Muscle Guarding

· Involuntary muscle contractions that occur in response to pain following a muscle injury. Muscle is attempting to protect itself and limit ROM thereby reducing pain

· Muscle Spasms

· Reflex reaction caused by trauma of the musculoskeletal system

· Two Types of spasms: clonic (alternating involuntary muscular contraction and relaxation) and tonic (rigid muscle contraction lasting a period of time)

· Muscle Soreness

· Acute-onset muscle soreness: Pain is transient and occurs during and immediately after exercise

· Delayed-onset muscle soreness (DOMS): Pain appears 12 hours after injury, becomes most intense after 24-48 hours, and gradually subsides after 3-4 days

· Tendon Injuries

· In tendons, collagen fibers will break if their physiological limits have been reached

· A breaking point occurs after 6-8% increase in length

· Tendons are stronger than the muscle it serves, therefore tears commonly occur at the muscle-belly musculotendinous junction or bony attachment

· Tendinitis

· Gradual onset, diffuse tenderness due to repeated microtrauma and degenerative changes

· Tendinosis – Breakdown of a tendon without inflammation 

· Tenosynovitis

· Inflammation of a tendon and its synovial sheath

· In acute state there is rapid onset, articular crepitus and diffuse swelling, in chronic state tendon becomes thickened with pain and articular crepitus present with movement

· Myofascial Trigger Points

· Hypersensitive nodule found within a taut band of skeletal muscle and/or fascia

· Latent Trigger Point: Does not cause spontaneous pain, but may restrict movement or cause muscle weakness

· Active Trigger Point: Pain at rest, firm pressure over the point elicits a “jump sign”, tender to palpation with a referred pain pattern similar to athlete’s pain complaint

· Contusions

· A hematoma is formed by the localization of blood into a clot, which becomes encapsulated by a connective tissue membrane

· Ecchymosis – bluish-purple discoloration of the skin

· The extent to which an athlete may be hampered by the injury is based on the site of injury and the force of the blow

· Myositis Ossificans – complication following repeated trauma (contusions) where calcium deposits develop in the injured muscle 

· Atrophy and Contracture

· Complications of muscle and tendon conditions

· Atrophy = muscle wasting from immobilization, inactivity, or loss of nerve stimulation

· Contracture = abnormal shortening of muscle tissue causing resistance to passive stretch (scar tissue)

· Synovial Joint Injuries

· Anatomical Characteristics

· Articulation of two bones surrounded by a joint capsule lined with synovial membrane

· Articulating surfaces of bones lined with hyaline or articular cartilage

· All joints are entirely surrounded by a joint capsule

· Inner surface of the joint capsule is lined with a synovial membrane which is highly vascularized and innervated

· Synovial membrane produces synovial fluid which provides shock absorption, lubrication, and nutrition 

· Mechanoreceptors found in the capsule and ligaments provide information about the relative position of the joint 

· Some joints contain meniscus that deepen the articulation and provide shock absorption in the joint (knee)

· Main structural support and joint stability provided by the ligaments (either thickened portions of the joint capsule or separate bands)

· Joint Sprains

· injury to the ligaments, articular capsule and synovial membrane and graded as 1, 2 and 3

· Produce effusion of blood and synovial fluid into the joint cavity, producing joint swelling, increase in local temp, pain, point tenderness and ecchymosis

· Dislocations and Subluxations

· Diastasis = A disjoining of two parallel bones (radius and ulna) or a rupture of a “solid” joint (symphysis pubis) Usually occurs with a fracture

· Dislocations = Occurs when at least one bone in a joint is forced completely out of its normal proper alignment and must be manually or surgically put back into place or 

· Loss of limb function

· Deformity is almost always apparent

· Swelling and point tenderness present immediately

· First time dislocations should always be considered and treated as a possible fracture

· Dislocations should not be reduced immediately, regardless of where they occur

· Subluxations = A bone comes partially out of its normal articulation but then goes right back into place

· Osteoarthritis

· Wearing down of the Hyaline cartilage

· Any process that changes the mechanics of the joint eventually leads to degeneration of the joint

· Degeneration results from repeated trauma to the joint (direct blow or fall, carrying heavy loads, repeated trauma from running or cycling)

· Affects the weight-bearing joints (knee, hip and lumbar spine)

· Symptoms may be localized to a joint on one side of body, pain with activity but relieved with rest, stiffness that improves with activity, symptoms prominent in the morning, localized tenderness, creaking or grating that can be heard or felt

· Glucosamine sulfate has been shown to be a safe and relatively effective treatment for OA 

· Bursitis

· Bursitis is inflammation of bursa at sites of bony prominences between muscle and tendon

· Bursae – Pieces of synovial membrane that contain a small amount of fluid (synovial fluid)

· Excessive movement or some acute trauma occurs around the bursae and this in turn causes the area to become irritated and inflamed and the joint begins producing large amounts of synovial fluid

· Three most commonly injured bursae are the subacromial bursa, olecranon bursa, and the prepatellar bursa

· Capsulitis and Synovitis 

· Capsulitis = chronic inflammatory condition from repeated joint sprains or microtrauma

· Synovitis = chronic condition that can arise from repeated joint injury or from improperly treating a joint injury

· Synovial lining of a joint can undergo degenerative tissue changes – becoming thickened, with fibrosis of the underlying tissue – leading to loss of motion in a joint and grinding or creaking with movement

· Bone Injuries

· Anatomical Characteristics

· Bone is dense connective tissue consisting of osteocytes that are fixed in a matrix

· Outer surface is composed of compact tissue and the inner aspect is composed of porous tissue known as cancellous bone

· Periosteum is the outside covering of the bone – contains the blood supply to the bone

· Five functions of bones (body support, organ protection, movement through joints and levers, calcium storage and formation of blood cells)

· Types of Bone

· Flat bones = skull, ribs, and scapulae

· Irregular bones = vertebral column and skull

· Short bones = wrist and ankle

· Long bones = humerus, ulna, femur, tibia, fibula and phalanges

· Gross Structures

· Diaphysis = Main shaft of the long bone (hollow, cylindrical and covered by compact bone)

· Epiphysis = The ends of the long bones (bulbous in shape for muscle attachment,  composed of cancellous bone and covered in hyaline cartilage)

· Periosteum covers long bones except at joint surfaces

· Medullary cavity = Hollow tube in the long bone diaphysis, containing yellow fatty marrow in adults 

· Endosteum = lines the medullary cavity

· Bone Growth

· Growth of long bones depends on epiphyseal growth plates

· Ossification in long bones begins in the diaphysis and both epiphyses – proceed towards each other

· Injury can prematurely close a growth plate – causing loss of length in the bone

· Osteoblasts build new bone on the outside of the bone, at the same time osteoclasts increase the medullary cavity by breaking down bony tissue

· Once long bone has reached its full size – balance occurs with bone formation and bone destruction (osteogenesis and resorption)

· Bone loss begins to exceed bone gain by ages 35-40, may lead to osteoporosis

· Bone’s functional adaptations follow Wolff’s Law

· Bone Fractures

· Closed fracture – little or no movement or displacement of the broken bones

· Open fracture – enough displacement of the fractured ends that the bone actually breaks through the surrounding tissues, including the skin

· Signs and symptoms: obvious deformity, point tenderness, swelling, pain on active and passive movement, crepitus

· Only definitive technique for determining a fracture is through x-ray

· Direct fracture – the bone breaks directly at the site where a force is applied

· Indirect fracture – the bone breaks at some distance from where the force is applied

· Common Bone Fractures

· Greenstick fracture

· Comminuted fracture

· Linear fracture

· Transverse fracture

· Oblique fracture

· Spiral fracture

· Impacted fracture

· Avulsion fracture

· Blowout fracture

· Serrated fracture

· Depressed fracture

· Contrecoup fracture

· Factors affecting bone strength

· The bones shape and its changes in shape or direction

· Long bones can be stressed or forced to fail by tension, compression, bending, twisting (torsion) and shear

· Stress Fractures

· Typical Causes of stress fractures in sport

· Overtraining

· Coming back into competition too soon after an injury or illness

· Going from one event to another without proper training in the second event

· Starting initial training to quickly

· Changing habits or the environment (running surfaces, the bank of a track or shoes)

· Signs of a stress fracture

· Swelling, focal tenderness, and pain

· In early stages, pain with activity but not at rest, later pain is constant and becomes more intense at night

· Most common sites: tibia, fibula, metatarsal shaft, calcaneus, femur, pars interarticularis of the lumbar vertebrae, ribs and humerus

· Stress fractures on the compression side of bone heal more rapidly compared to those on the tension side which can rapidly produce a complete fracture

· Epiphyseal Conditions

· Three types of epiphyseal growth site injuries sustained by children and adolescents

· Injury to the epiphyseal growth plate

· Physis articular epiphyseal injuries

· Apophyseal injuries

· Most prevalent age range is from 10-16 years

· Epiphyseal growth plate injuries – classified by Salter-Harris into five types (Type I, Type II, Type III, Type IV, and Type V)

· Apophyseal Injuries: traction epiphyses in contrast to the pressure epiphyses of the long bones

· apophyses serve as origins or insertions for muscles on growing bones

· Common apophyseal avulsion conditions include Sever’s disease and Osgood-Schlatter’s Disease

· Osteochondrosis

· Refers to degenerative changes in the ossification centers of the epiphyses of bones, especially during periods of rapid growth in children

· Osteochondritis Dissecans (located in the knee)

· Apophysitis if located at a tubercle or tuberosity

· Suggested causes: 

· Aseptic necrosis – circulation to the epiphysis has been disrupted

· Trauma causes particles of the articular cartilage to fracture, eventually resulting in fissures that penetrate to the subchondral bone

· Nerve Trauma

· Anatomical Characteristics

· Nerve tissue provides sensitivity and communication from the CNS to the muscles, sensory organs, various systems and the periphery

· Neuron = basic nerve cell

· Dendrites = branched extensions on neuron – respond to neurotransmitter substances released from other nerve cells

· Axon – conducts nerve impulses

· Nerve Injuries

· Two causes of nerve injuries – trauma or overuse

· Trauma can cause sensory responses (hypoesthesia, hyperesthesia, paresthesias) from direct blow or stretch to an area

· Neuropraxia – interruption in conduction of the impulse down the nerve fiber – brought about by compression or relatively mild, blunt blows, close to the nerve

· Neuritis = chronic inflammation of a nerve.

· Regeneration is slow – 3-4 mm per day, nerves in the peripheral nervous system regenerate better than nerves in the central nervous system

· Referred pain = Pain that is felt at a point of the body other than at its origin (trigger point)

· Body Mechanics and Injury Susceptibility

· Microtrauma and Overuse Syndrome

· Most directly related to running, jumping or throwing

· Injuries may result from constant and repetitive stresses placed on bones, joints or soft tissues, forcing a joint into an extreme range of motion or from prolonged strenuous activity

· Achilles tendonitis, shin splints, stress fractures (fibula, second and fifth metatarsal, Osgood-Schlatter’s disease, runner’s and jumper’s knee; patellar chondromalacia, apophyseal avulsion, intertarsal neuroma

· Postural Deviations

· Postural malalignments may be result of unilateral muscle and soft-tissue asymmetries or bony asymmetries

· Athletic trainer should seek to eliminate faulty postural conditions through exercises and stretching

Discussion Questions
1. Discuss the stress–strain curve and its associated tissue properties.

2. Differentiate among muscle strains, muscle cramps, muscle guarding, and muscle soreness.

3. How does a damaged nerve heal?

4. What are myofascial trigger points, where are they most likely to occur, and what are the signs and symptoms?

5. What is myositis ossificans and how can it be prevented?

6. How are tendinitis, tenosynovitis, and bursitis related to one another? Explain how osteoarthritis develops.

7. What structures are found at a joint? What are their functions?

8. Describe the injuries occurring to synovial joint structures.

9. Differentiate between a subluxation and a dislocation.

10. How do the three grades of ligament sprains differ?

11. Describe various types of fractures and the mechanisms that cause fractures to occur.

12. How does a stress fracture differ from a regular fracture?

13. Describe the most common epiphyseal conditions.

14. What are the relationships of postural deviations to injuries?

15. Discuss the concept of pathomechanics as it relates to microtraumas and overuse syndromes.

16. What forces injure muscle tissue?

17. Describe all types of muscle tendinous injuries.

18. What mechanical forces traumatize the musculotendinous unit and the synovial joint? How are the forces similar to one another and how are they different?

19. What forces gradually weaken tendons and ligaments?

20. Contrast two synovial joint injuries.

21. List the structural characteristics that make a long bone susceptible to fracture.

22. What mechanical forces cause fracture of a bone?

23. How do stress fractures probably occur?

Class Activities
1. With the help of one of your students (dressed appropriately) demonstrate a total postural exam. Point out where common postural deviations occur and show how to evaluate the back for kyphosis, lordosis, and scoliosis. Discuss what body structures are prone to injury with each anomaly and what activities are contraindicated.

2. Have a student demonstrate walking, running, and throwing motions. Analyze their style to determine whether there is any abnormal movement that could put stress on any associated structures.

3. Invite an orthopedist to class to discuss common injuries to the musculoskeletal system. Request that he or she will bring slides or pictures to demonstrate each of the conditions.
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CHAPTER 9 WORKSHEET

MECHANISM AND CHARACHTERISTICS

 OF SPORTS TRAUMA

MATCHING:  Match the following terms with the appropriate response.

______ 1. Avulsion fracture

A. Three or more bone fragments


______ 2. Ball & socket joint

B. Joins muscle to bone

______ 3. Contusion

C. Deformation of tissue

______ 4. Ecchymosis

D. Resistance to a load

______ 5. Stress

E. Inflammation of muscle tissue

______ 6. Strain 

F. Stress fracture

______ 7. Comminuted fracture

G. Tissue discoloration

______ 8. Ligament

H. Compression injury

______ 9. Capsulitis

I. Cause of osteochondrosis


______ 10. Myositis

J. Muscle soreness after 2-3 days


______ 11. Aseptic necrosis

K. Joins bone to bone

______ 12. Hinge joint

L. Glenohumeral joint

______ 13. DOMS 

M. Fracture in which ligament tears off

______ 14. Spontaneous fracture 


part of the bone

______ 15. Tendon

N. Occurs from repeated joint sprains





O. Elbow joint

SHORT ANSWER:  Answer the following questions with a brief response.

16.
When an intact ligament is traumatically stretched what will commonly result?

16.   __________ is a crackling feeling or sound.
17.  If a muscle is overstretched by tension or forced to contract against too much resistance, separation or tearing of the muscle fibers occurs. This damage is referred to as a _______  _________.

19.
Approximately 85% of all ankle injuries result from force ____________. 

20.
A contusion repeatedly to the same area can cause small calcium deposits to accumulate which are called  __________  ____________.

21.
The technical name for a total disunion between two articulatory processes is ____________.

22.
Where are some common sites for stress fractures?

LISTING
What features do all synovial articulations have in common?

23.

24.

25.

26.

List the five characteristics of the Salter-Harris types of fractures

27.

28.

29.

30.

31.

Two of the three forces that injure muscles include?

32.  

33. 

ESSAY
34-36. Which is more susceptible to injury, the muscle or its tendon? Why?

37-40. Briefly explain the process of bone growth.

INJURY ASSESSMENT
41-45. What important factors would you use in recognizing and evaluating dislocations?

46-50. A track runner comes into the training room complaining of anterior lower leg pain.  How might you determine if this athlete has a stress fracture?

