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The spinal cord is a vital part of the central nervous system; even a small injury can lead to
severe disability. In the US, there are approximately 230,000 people living with traumatic spinal
cord injury (SCI), with over 10,000 more becoming disabled each year. Learning to live with SCI
can be a challenge to any individual, caregiver or family. To improve their ability to cope,
everyone involved must understand how the body responds to a spinal cord injury, and educate
themselves about treatment and management issues. Spinal Cord Injury, the newest title in the
critically acclaimed American Academy of Neurology Press Quality of Life Guides, is an
authoritative and reliable resource for any patient, family member or caregiver looking to inform
themselves on this topic.Written in easy-to-understand language, this excellent overview of
spinal cord injury and its treatment, is essential reading for all patients desiring a better quality of
life, and for family members and caregivers who need a better understanding of this condition
and its effects. This informative book explains the anatomy of the spine, the results of injury and
the treatment and management issues encountered during rehabilitation. It contains a glossary
with commonly used terms, and website resources that can aid in further research. In addition, it
includes current research to help SCI patients make informed medical decisions that promote
optimum healing.Spinal Cord Injury will help patients, caregivers, and family members cope with
SCI and enjoy a better quality of life.
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3 2 1ContentsAbout the AAN Press Quality of Life GuidesPrefaceCHAPTER 1How Does the
Spinal Cord Work and What Happens When It Doesn’t?CHAPTER 2Causes of Spinal Cord
Injury and DysfunctionCHAPTER 3Acute Treatment of Spinal Cord InjuryCHAPTER 4Health
Care After SCICHAPTER 5What Happens During Rehabilitation?CHAPTER 6Assistive
TechnologiesCHAPTER 7Research to Find New Treatments for SCI.CHAPTER 8Research on
Minimizing Damage to the Spinal Cord Immediately After InjuryCHAPTER 9Research on
Repairing the Injured Spinal CordInternet Resources for Spinal Cord InjuryGlossaryIndexAbout
the AAN Press Quality of Life GuidesIN THE SPIRIT OF THE DOCTOR-PATIENT
PARTNERSHIPTHE BETTER-INFORMED PATIENT is often able to play a vital role in his or her
own care. This is especially the case with neurologic disorders, for which effective management
of disease can be promoted—indeed, enhanced—through patient education and involvement.In



the spirit of the partnership-in-care between physicians and patients, the American Academy of
Neurology Press is pleased to produce a series of “Quality of Life” guides on an array of
diseases and ailments that affect the brain and central nervous system. The series, produced in
partnership with Demos Medical Publishing, answers a number of basic and important
questions faced by patients and their families.Additionally, the authors, most of whom are
physicians and all of whom are experts in the areas in which they write, provide a detailed
discussion of the disorder, its causes, and the course it may follow. You also find strategies for
coping with the disorder and handling a number of nonmedical issues.The result: As a reader,
you will be able to develop a framework for understanding the disease and become better
prepared to manage the life changes associated with it.ABOUT THE AMERICAN ACADEMY OF
NEUROLOGY (AAN)The American Academy of Neurology is the premier organization for
neurologists worldwide. In addition to support of educational and scientific advances, the AAN—
along with its sister organization, the AAN Foundation—is a strong advocate of public education
and a leading supporter of research for breakthroughs in neurologic patient care.More
information on the activities of the AAN is available on our website, . For a better understanding
of common disorders of the brain, as well as to learn about people living with these disorders,
please turn to the AAN Foundation’s website, .ABOUT NEUROLOGY AND
NEUROLOGISTSNeurology is the medical specialty associated with disorders of the brain and
central nervous system. Neurologists are medical doctors with specialized training in the
diagnosis, treatment, and management of patients suffering from neurologic disease.Lisa M.
Shulman, MDSeries EditorAAN Press Quality of Life GuidesPrefaceSPINAL CORD INJURY
(SCI) is a devastating disorder that is especially poignant because it so often occurs in young
adults who are just entering their most productive work and family years. Once a virtual death
sentence, SCI now is medically manageable and its victims survive many years, essentially
living a normal lifespan. Yet SCI patients may have severe ongoing disabilities that require
assistance from caregivers, most often family. And because their injury may leave them
vulnerable to many medical complications, victims of SCI constantly must be vigilant and some
require frequent clinical attention. This book is intended to help persons with SCI, their families,
loved ones and caregivers better understand the scientific basis for the disabilities that result
from SCI, the current medical treatments and rehabilitative management of SCI, and the
research directions that point to hope for better functional recovery in the future. At the end of the
book there is a glossary of terms. It includes not only words found in this book, but other words
you are likely to run into when reading about SCI. There is also a list of internet sites where
additional useful information can be found. With this information in hand, patients and their
caregivers can make better decisions about their medical management.Spinal Cord
InjuryCHAPTER 1How Does the Spinal Cord Work and What Happens When It Doesn’t?THE
SPINAL CORD is an extremely vital part of the central nervous system, and even a small injury
to it can lead to severe disability. For this reason, nature has encased the spinal cord within the
thick layers of bone of the spinal column and surrounding muscle. Nevertheless, because it



compresses so much function into such a narrow structure, the spinal cord is vulnerable to injury
and disease.People who have had a spinal cord injury can improve their ability to cope with their
disabilities by learning about the functioning of a healthy spinal cord. The aim of this book is to
help people with spinal cord injuries and their caregivers understand how the body responds
when the spinal cord is injured, and how health care professionals approach the acute treatment
and long-term management of the resulting disabilities.More than 10,000 people in the United
States are disabled by traumatic spinal cord injury (SCI) each year. The financial cost of these
injuries can be enormous, depending on the severity and location of the injury. Because of the
medical advances that can keep these patients alive, approximately 230,000 people are
currently living with traumatic SCI in the U.S. Many more cases of SCI are caused by diseases
such as tumors, infections, amyotrophic lateral sclerosis (ALS, or Lou Gehrig’s disease), and
multiple sclerosis.More than 10,000 people in the United States are disabled by traumatic spinal
cord injury (SCI) each year.NERVES: THE BUILDING BLOCKS OF THE NERVOUS SYSTEMIn
order to understand the functioning of the spinal cord, the nervous system must be understood.
The role of the nervous system is to receive information about the state of the body and its
environment, to process that information in a way that permits a person to respond in a useful
way, and generate command signals that cause the muscles, glands, and other organs to carry
out desired actions, such as the movement of a limb or the release of a hormone.The nerve cells
(neurons) are the basic building blocks of the nervous system. Although nerve cells come in
different sizes and shapes, and are made of different specialized chemical compositions, most
neurons have a common basic structure consisting of three main parts:• Cell body, or soma. The
cell body contains the nucleus. This is where most of the chemicals necessary for functioning of
the nerves are made.• Axon. Nerve cells communicate with each other by generating an
electrical signal that is transmitted over long distances along a cablelike structure called the
axon.• Dendrites. The dendrites are branches that arise from the cell body. They receive
information from other nerve cells, which comes as electrical signals that either increase or
decrease the excitability of the nerve cell. Information received by the dendrites is integrated into
a common decision about whether to fire off a signal to other nerve cells. If the answer is “yes,”
an electrical signal is transmitted along the axon (Figure 1-1).HOW AXONS AND DENDRITES
COMMUNICATEThe axon has a swelling at its end called a synaptic terminal. This terminal is in
close contact with a specialized area on the next neuron in the chain of communication, which is
called the post-synaptic membrane. Each neuron in the central nervous system receives
information from hundreds, or even thousands, of other neurons through synapses located
along the dendrites and cell body. When the electrical signal reaches the synaptic terminal, a
chemical called a neurotransmitter is released that either excites or inhibits the post-synaptic
membrane. In this way, the postsynaptic neuron is either more or less likely to fire an electrical
signal to the next cell in the chain of communication (Figure 1-1).FIGURE 1.1Neurons are the
Basic Building Blocks of the Nervous System. This figure shows one neuron, in light gray, whose
axon ends in a synaptic terminal filled with small vesicles of neurotransmitter (gray dots). The



synaptic terminal is in close proximity to the dendrite of a second neuron (dark gray). When an
electrical signal arrives at the synaptic terminal, the vesicles fuse with the presynaptic
membrane, i.e., the part of the cell membrane surrounding the presynaptic terminal that is
directly facing the postsynaptic dendrite and release neurotransmitters into the synaptic space.
The pre- and post-synaptic membranes are thickened (dark lines in the inset enlargement)
where they face each other across the synaptic space, where they are specialized to perform the
communication function. The molecules of transmitter bind to receptor molecules on the post-
synaptic membrane and produce a graded electrical signal in the post-synaptic neuron. In real
life, the surfaces of cell bodies and dendrites receive thousands of synaptic terminals from many
other neurons.STRUCTURE OF THE SPINAL CORDThe spinal cord is a long, tube-shaped
structure that receives sensory information from the body via sensory neurons and transmits the
information to the brain. Information is also relayed from the brain to the rest of the body via the
motor neurons (Figure 1-2). The neck region of the spinal cord is called the cervical region. It
has eight segments, meaning that it receives sensory information and transmits command
signals to move muscles through eight sets of spinal nerves from the skin and muscles of the
arms and neck. The chest is supplied by the twelve segments of the thoracic region of the spinal
cord, and the legs are supplied by the five lumbar segments of the spinal cord and the first two
of the five sacral segments. The buttocks and anus are supplied by the lowest three segments of
the sacral spinal cord.FIGURE 1-2The Structure of the Spine. Image of spine is taken from
Wikipedia ().The nerves of the body merge as they approach the spinal cord to form the spinal
nerves. Each major nerve has thousands of individual nerve fibers (axons), ranging in diameter
from less than one-thousandth of a millimeter to 20-thousandths of a millimeter. The larger the
diameter of the axon, the faster it conducts electrical impulses. However, the larger the diameter
of the axon, the more area its surface membrane has for electrical activity to leak where it should
not go. This can slow electrical conduction, and also cause electrical activation of nearby nerve
fibers that should not be active. In order to avoid this, large axons are insulated by a fatty
material called myelin. The smallest diameter axons do not need myelin.The spinal cord is a
long, tube-shaped structure that receives sensory information from the body via sensory
neurons and transmits the information to the brain. Information is also relayed from the brain to
the rest of the body via the motor neurons.The spinal cord is contained within the spinal canal,
which is inside the boney spine. The spine is composed of individual bones called vertebrae.
Each vertebra is separated from the next by a cushion of fibrous, connective tissue called an
intervertebral disc. The spinal cord stretches from the base of the skull to about 3 inches above
the top of the hips; the boney spine extends to below the top of the hips, all the way to the middle
of the buttocks. Thus, the boney spine and the spinal canal inside it are longer than the spinal
cord itself. The spinal nerves of the lumbar and sacral levels must therefore span the distance
from their exit level in the spinal cord to the level of the spinal foramen so they can leave the
spine and distribute to the skin, muscles, and internal organs that they supply. The lower the
spinal level, the longer this distance, and the longer the spinal nerve will travel in the spinal



canal.Because of its stringy appearance, the collection of lumbar and sacral nerves in the spinal
canal below the level at which the spinal cord ends is called the cauda equina, which in Latin
means “horse’s tail.” The end of the spinal cord contains the nerve cells of the sacral segments
and is called the conus medullaris, which ends at about the level of the nerve root of the first
lumbar vertebra (L1; see Figure 1-2).The spinal cord has an inner core of gray matter containing
neurons. Surrounding the gray matter is the white matter, which contains axons that carry
messages between neurons at different levels of the spinal cord, and between the spinal cord
and the brain. In medical language, the surfaces of body parts that face the back are called
dorsal, and the surfaces facing the front are called ventral.In Figure 1-3 the spinal cord is viewed
in cross sections, as if to illustrate a person who is lying on her stomach with her head aimed at
the upper right-hand corner. The neurons in the dorsal half of the gray matter serve sensory
functions, and the neurons in the ventral half of the gray matter serve motor functions. These
include the actual motor neurons, whose axons go to the muscles and cause them to contract.
As the nerves approach the spinal cord they separate into two roots:1. A dorsal root composed
of sensory axons2. A ventral root composed of motor axonsThe neurons belonging to the dorsal
root axons are located in the dorsal root ganglion, which is located outside the spinal cord.
Sensory axons are able to transmit sensation because they make synapses with other nerve
cells in the spinal cord or brain. Like the spinal cord itself, the dorsal root ganglion is contained
within the boney spine.The axons of the motor neurons leave the spinal cord by the ventral nerve
roots, and continue in motor nerves to the muscles (Figure 1-4). Electrical impulses travel to the
ends of the motor axons to reach the muscle cells, where they form large, complex synapses
called neuromuscular junctions. There, the axons release a neurotransmitter called
acetylcholine, which causes the muscle cells to become electrically excited and contract,
thereby shortening the muscle. This, in turn, moves the parts of the body to which the muscle is
attached. Sensory nerve endings in the muscles measure the degree of stretch, sending an
electrical signal to the motoneurons in the spinal cord when the muscle is lengthened.FIGURE
1-3Organization of the Spinal Cord. The gray matter is a butterfly-shaped column of neural
tissue on the inside of the spinal cord; it contains the neuron cell bodies. The white matter is on
the outside. It contains the axons that run up and down the cord, connecting the different levels
of the cord to each other and to the brain. The color of the white matter is due to the myelin
insulation that surrounds the axons. Sensory information enters the spinal cord at each level via
the dorsal roots. Motor output exits the spinal cord via the ventral roots. The cell bodies of
sensory neurons are located in the dorsal root ganglia outside the spinal cord, but within the
boney spine. The sensory and motor roots merge within the neural foramen as they leave the
spinal canal to form the spinal nerve.This sensory feedback causes the motoneurons to fire
electrical impulses and activate the muscle. For example, this automatic response and can be
seen when a doctor hits the tendon of the thigh muscle (quadriceps) just below the kneecap,
stretching the thigh muscle. The subsequent twitching of the quadriceps muscle and kicking
motion of the leg is called a reflex. Reflexes are the simplest forms of behavior.Branches of the



sensory axons that activate the motor neurons travel to the brainstem in the dorsal white matter.
They provide the brain with information about the state of muscle contraction. Nerve cells in the
brain send axons to the spinal cord to instruct the motor neurons to initiate movements. The
largest of these descending pathways from the brain, the corticospinal tract, is shown in white.
Thus, the corticospinal pathway is part of the motor system. The axons of the corticospinal tract
cross sides in the medulla (the lowest part of the brain), so that the left side of the brain controls
the right side of the body and vice versa.FIGURE 1-4Spinal Cord Pathways that Control
Muscles. Muscles are activated by axons coming from motor neurons in the spinal cord. These
motor neurons can be activated by signals coming from the brain. The largest of these
descending pathways is the corticospinal tract (thick dashed lines). Stretch of the muscle is
detected by sensory nerve fibers (thick solid lines), which feed back a reflex activation of the
motor neuron to cause a contraction of the stretched muscle. This protective mechanism
prevents joints from suddenly being bent too far, but it also has other important uses in motor
control.Sensations from the body reach the brain via axons ascending in two main pathways:1.
Large myelinated axons, carrying sensations of light touch, joint position, and vibration, ascend
in the dorsal columns on the same side as the dorsal root by which they enter the spinal cord.
These fibers also transmit information that allows the brain to interpret, for example, how much a
held object weighs and the fine details of its shape and texture. In other words, the dorsal
columns carry highresolution information about sensory stimuli.2. Smaller axons carry a wide
range of sensory modalities, including pain and temperature, which are not transmitted in the
dorsal columns and are not carried directly to the brain. Instead these sensory fibers form
synapses (connections) with second-order sensory neurons in the back part of the spinal cord
gray matter (dorsal horn). These relay neurons send their axons across the midline of the spinal
cord to the anterolateral column (also called the anterior spinothalamic tract) on the other side of
the spinal cord.From Figure 1-5, you can see that damage to the central part of the spinal cord
can interrupt pain and temperature sensory information by damaging these secondary sensory
nerve fibers. This becomes important when we consider the specific syndromes produced as a
consequence of spinal cord injury.Each muscle, internal organ, or patch of skin has a nerve that
connects to a particular level of the spinal cord. Because of this, injuries to the spinal cord
produce paralysis or loss of sensation in specific patterns. Knowing which muscles are
paralyzed, or where in the body sensation has been lost, allows the examining doctor to
determine with high accuracy where in the spinal cord the injury is located.Damage to the
central part of the spinal cord can interrupt pain and temperature sensory information by
damaging the secondary sensory nerve fibers.An important principle of organization in the
spinal cord is that axons in both the corticospinal pathway, which carries motor commands from
the brain to the spinal cord, and the anterior spinothalamic pathway, which carries sensory
information from the spinal cord to the brain, are organized so that nerve fibers from a given level
of the spinal cord travel together. The lowest parts of the body are represented by the outermost
fibers of the anterior spinothalamic or corticospinal tract. The highest parts of the body are



represented by the innermost fibers (Figure 1-6).FIGURE 1-5Spinal Cord Pathways that Mediate
Sensation. The sensory pathways are organized so that the largest axons, which transmit
sensations of vibration, joint position, sense and fine touch discrimination, and the ability to
estimate the weight of an object, are carried in the dorsal column on the same side of the spinal
cord as the dorsal root through which they enter (black). The dorsal columns also receive a
branch of the nerve fibers that carry information about how much a muscle is stretched. These
fibers send a branch (black) into the ventral horn of the spinal cord to activate the motor neurons
that supply the same muscle. Temperature and pain sensations are not carried in the dorsal
columns. Instead, axons carrying these sensations (gray) form relays in the dorsal horn with
second order sensory neurons, whose axons cross to the other side of the spinal cord and travel
in the anterolateral column (the anterior spinothalamic tract) to the brain.HOW THE SPINAL
CORD WORKSThe spinal cord is well protected by the boney spine (Figure 1-2). Yet, for
reasons that are only partially understood, even injuries that fail to penetrate the spine can result
in severe spinal cord damage and devastating paralysis through a vicious cycle called the
ischemic cascade. What is clear is that concussion of the spinal cord—for example, an indirect
injury from a blow to the spine that causes the spinal cord to bump into the inside surface of the
spinal canal—causes a choking off of the internal blood flow in the center of the spinal
cord.FIGURE 1-6Segmental Organization of the Spinal Cord. The spinal cord is organized in a
regular way, which influences how injuries produce neurological dysfunction. At any spinal cord
level, the motor neurons of the ventral horn are placed so that those supplying the muscles of
the trunk are innermost and those supplying the muscles furthest from the trunk, e.g., the fingers
or toes, outermost. At any spinal cord level, the corticospinal and anterior spinothalamic tracts
are organized so that the fibers that represent the parts of the body closest to that spinal level
are innermost, and those that represent the lowest (most sacral) parts of the body are located
outermost. However, the dorsal columns are organized with the highest parts of the body
represented outermost, and the lowest parts of the body represented innermost. C, cervical; T,
thoracic; L, lumbar; S, sacral.Insufficient blood flow is called ischemia. In SCI, it can affect the
cells of the spinal cord and the capillaries, causing them to leak. This results in edema, an
abnormal accumulation of fluid that causes the spinal cordto swell. In addition, ischemic cells
absorb too much calcium from the surrounding fluid and calcium-dependent biochemical
reactions in the cells, leading to damaged membranes.Certain genes can create “cell
suicide” (apoptosis), activating biochemical pathways that break up the genetic material (DNA)
into small pieces and cause the cell to break up into neat packets that are easily disposed of
(see Chapter 8). Partially-damaged neurons become abnormally activated and release the
excitatory neurotransmitter glutamate, which binds to receptors that open the cell membrane to
more calcium entry. Ischemia impairs the ability of cells to re-accumulate the released
glutamate, which, in turn, causes more nerve cell death by a process called excitotoxicity. The
presence of injured and dead cells invites white blood cells to release chemicals called
cytokines, resulting in inflammation.Some of these cytokines are injurious to neurons; they make



the white blood cells more effective at attacking damaged nerve cells; and they cause more
edema. This produces further swelling and cell death in a vicious cycle, resulting in delayed
damage (secondary neuronal damage). No anatomic abnormality can be seen during the first 8
hours or so after an impact injury. But as time passes, small hemorrhages appear in the center
of the spinal cord, spreading outward and leaving a rim of white matter (axons) in the outer
layers of the spinal cord.No one knows why the spinal cord is so exquisitely sensitive to
concussive injury, but because the spinal canal is only 50 percent wider than the spinal cord,
when swelling causes the diameter of the cord to increase by 50 percent, it is compressed
against the inner surface of the spinal canal, causing even more tissue damage. This is a vicious
cycle, indeed.SYMPTOMS OF SPINAL CORD INJURYThe symptoms of SCI depend on the
severity and level of the injury.Because the bladder and bowel are controlled by the sacral spinal
segments low in the spinal cord, complete injury at almost any level will impair control of
urination and defecation. Similarly, SCI at the lumbar or thoracic levels will cause paralysis and
loss of sensation of the legs, but not the arms.Injury in the low cervical region will cause
weakness or paralysis in the hands, but the arms and shoulder will have strength. Respiration
will be spared enough to breathe without a respirator because the diaphragm is controlled by the
upper cervical segments. However, because the muscles of the rib cage participate in
respiration and are innervated by thoracic segments, breathing will be weaker than normal in all
patients with cervical SCI, and their endurance will be limited. Moreover, the ability to cough will
be limited, causing difficulty clearing the airway of saliva and nasal secretions.The symptoms of
SCI depend on the severity and level of the injury.Injury in the mid-cervical region will cause
paralysis and numbness of the arms, hands, and legs, but the muscles of the shoulder and neck
will be spared. High cervical injuries will cause paralysis and numbness of the entire body below
the neck, and will also impair breathing, often requiring a respirator to maintain life.Blood
pressure is controlled to a great degree by a specialized part of the nervous system called the
sympathetic nervous system. Because the nerve supply from the spinal cord to the sympathetic
ganglia arises in the thoracic and lumbar spinal cord segments, cervical spinal cord injuries
separate the sympathetic outflow from areas in the brain that are responsible for modulating that
outflow, causing the blood pressure to be unstable because of exaggerated local sympathetic
reflexes. This can lead to severe headaches when the blood pressure undergoes wide swings
from low to high. The specific neurologic deficits associated with injuries at different spinal cord
levels are summarized in the Table 1-1.SpasticityA feature of the weakness seen in SCI is that
the muscles become stiff. This is the opposite of how muscles respond to loss of innervation by
motor neurons, which is to become limp. The spinal cord has neural circuitry, which assures an
ongoing amount of muscle tone by keeping the motor neurons active. The muscles have
sensory nerve fibers that send signals to the spinal cord whenever a muscle is subjected to
stretching. This signal causes a reflexive contraction of the same muscle to protect it from
overstretching, and to assure that the limbs remain in a useful posture.Table 1-1 Neurologic
Deficits of People with SCI at Different LevelsSpinal LevelNeurologic DefectsC1–C3Loss of



breathing control—ventilator dependent; inability to clear saliva from throat by coughing; inability
to speak, but might be able to communicate with a mouth stick and computer because neck
flexion, extension, and rotation are preserved; loss of bowel and bladder control; paralysis of
arms, hands, trunk, and legs; unable to shift in bed; needs 24-hour-a-day care.C4May be able to
breathe, but often needs some ventilator assistance; loss of bowel and bladder control, weak
speech—may need mouth stick and computer to communicate; paralysis of arms, hands, trunk,
and legs, unable to shift in bed; needs 24-hour–a-day care.C5Able to use diaphragm, but
breathing is weak because of paralysis of chest muscles (intercostal muscles between the ribs)
—low endurance; weak cough—may need help clearing saliva; can speak; loss of bowel and
bladder control; can move shoulders and flex elbows, but cannot extend arms at elbows;
paralysis of wrists, hands, trunk, and legs; can relieve pressure by moving in bed with help of
some equipment; cannot get out of bed without assistance; needs help sitting up for eating, but
then can eat using special utensils; can use a power-assisted wheelchair and might be able to
use a manual wheelchair indoors. Needs 6 hours of assistance per day for personal care, and
10 hours per day for home care.C6Able to use diaphragm, but breathing is weak because of
paralysis of chest muscles—low endurance; weak cough—may need help clearing saliva; can
speak; loss of bowel and bladder control, but might be able to manipulate waste-collection bags
and other adaptive devices; can move shoulders and flex elbows, but cannot extend arms at
elbows; paralysis of wrist flexion, but can extend the wrist (bend it back); paralysis of hands,
trunk, and legs; can relieve pressure by moving in bed and wheelchair with help of some
equipment; can use adaptive eating utensils except for knife; needs some help to get out of bed;
can use a power-assisted or manual wheelchair, but needs help with manual wheelchair
outdoors. Needs 6 hours of assistance per day for personal care, and 4 hours per day for home
care.C7–C8Able to use diaphragm, but breathing is weak because of paralysis of chest muscles
—low endurance; weak cough—may need help clearing saliva; can speak; loss of bowel and
bladder control; can move shoulders, arms, wrists, and hands; paralysis of trunk and legs; can
relieve pressure by moving in bed or wheelchair; most can get in and out of bed or wheelchair
without help; can eat independently, although some adaptive devices are helpful; can stand,
although might need some help; cannot walk; can use a power-assisted wheelchair anywhere,
and a manual wheelchair indoors, but might need help with uneven terrain outdoors; can drive
an adapted car. Needs 6 hours of assistance per day for personal care, and 2 hours per day for
home care.T1–T9Breathing slightly weak and endurance less than normal; although there is no
voluntary control of the bowel and bladder, able to take care of bowel and bladder hygiene using
intermittent catheterization, bowel suppositories, and other techniques; can move shoulders,
arms, wrists, and hands; paralysis of lower trunk and legs; can get in and out of bed or
wheelchair without help; can eat independently; can stand with a standing frame (similar to a
walker, but with a seat that tilts to give variable support and help shift from sitting to standing),
but cannot walk; can use a manual wheelchair independently; can drive a hand-controlled car.
Needs no assistance for personal care, and only 3 hours per day for heavy work in



housekeeping.T10–L1Normal breathing and endurance; able to take care of bowel and bladder;
good trunk stability, but legs paralyzed; can get in and out of bed or wheelchair without help; can
stand and walk with forearm crutches or walker, wearing a knee-ankle-foot orthosis (KAFO); can
use a manual wheelchair independently; can drive a hand-controlled car. Needs no assistance
for personal care, and only 2 hours per day for heavy work in housekeeping.L2–S5Normal
breathing and endurance; able to take care of bowel and bladder; good trunk stability, and some
strength in legs; can get in and out of bed or wheelchair without help; can stand and walk with
forearm crutches or cane, wearing a knee-ankle-foot orthosis or anklefoot orthosis; can use a
manual wheelchair independently; can drive a hand-controlled car. Needs no assistance for
personal care, and 0-1 hour per day for heavy work in housekeeping.For example, the
quadriceps muscles of the thigh insert into the lower leg by the patellar tendon, which goes over
the knee cap (patella). If a person jumps up and lands on their feet, the weight of the body would
ordinarily cause the knee to buckle. However, the buckling would subject the quadriceps
muscles to sudden stretching, which would result in a corrective reflex contraction of the
quadriceps muscles and straightening of the legs. If there were no reflex-damping mechanism,
the sensory signals from each muscle to the spinal cord might keep all of the muscles in a
constant state of excessive tension, and a person would be frozen in place, unable to move.
Moreover, because each contraction of one muscle results in the stretching of an opposing
muscle, unrestrained muscle stretch reflexes prevent any movement from occurring.Fortunately,
in an uninjured person, the brain exerts an ongoing inhibition of these muscle stretch reflexes
and keeps the muscles loose. When the brain sends a message via the spinal cord to move a
limb, it also removes the inhibition to the motor neurons controlling just the muscles involved,
while maintaining or increasing the inhibition of opposing muscles. This allows the necessary
contraction to occur.In people with SCI, the ongoing inhibitory signals from the brain are
removed from the spinal cord segments below the injury, which keeps the muscles in a constant
state of tension. The exaggerated stretch reflexes can also be demonstrated when they are
tested with a reflex hammer. For example, when the patellar tendon connecting the quadriceps
muscles to the shin bone (femur) is struck with a hammer just below the knee cap, the resulting
stretch of the quadriceps muscles causes a reflex contraction, which results in a kicking motion.
In people with spinal cord injury, this type of kicking motion is abnormally violent.Spasticity
results from the interruption of the corticospinal pathway from the brain to the spinal cord, and
the combination of increased muscle tone and exaggerated muscle stretch reflexes. In the legs,
spasticity tends to affect the extensor muscles, which are the muscles that straighten the legs
and point the toes down, more than the flexors, which are the muscles that bend the legs and
point the toes up. This is why people with SCI have their legs extended and might need help
bending them to sit in a chair.Paradoxically, in cases of incomplete SCI, spasticity in the legs can
help support the person’s weight when walking, so there might be advantages to it. However,
because the muscles are not totally numb in these cases, the spasticity can give rise to painful
cramps. Spasticity can be managed with physical therapy and medication.GRADING THE



SEVERITY OF SPINAL CORD INJURYThe nerves fibers that carry sensation to the spinal cord
—and motor control impulses from the spinal cord to the muscles—are bundled together into
large spinal nerves. Thus, the function of the spinal cord is mapped according to the functions
represented in these main nerves. However, as they approach the spinal cord, the spinal nerves
separate into smaller branches and enter the cord over much of the length of their spinal
segment. The hallmark of spinal cord injury is the loss of movement and sensation below the
level of the injury. This loss is typically partial at the level of injury because of three factors:• The
locations of the nerve cells involved in mediating sensation over any part of the body.• The nerve
cells that activate any muscle in the body are spread for a short distance along one or more
spinal cord segments.• At any spinal cord level, some sensory and motor functions that map to
that level will be represented above the injury and some below.Below the level of injury, the loss
of function might be complete or partial, and the degree of functional loss is important in
predicting the likelihood of recovery.The hallmark of spinal cord injury is the loss of movement
and sensation below the level of the injury.All of the parts of the nervous system have a degree
of intrinsic ability to recover from injury, and this is true also of the spinal cord. In order to
measure possible recovery, it is first necessary for the initial level and severity of injury to be
determined. A neurologic examination is performed to assess sensation in different parts of the
body and the strength of key muscles. The American Spinal Injury Association (ASIA) has
adopted a widely accepted scoring system for this neurologic examination (Figure 1-7). The
strength of each muscle is graded from 0 to 5, with 0 being totally paralyzed and 5 being normal.
Sensation in the skin (dermatomes) represented by each spinal cord level is rated 0 if absent; 1
if impaired; and 2 if normal. The scores are added to give an overall motor and sensory score,
which can indicate how much overall function has been preserved.At any spinal cord level, the
impact of an injury is determined by the degree of injury. A complete injury means that the
patient has no preserved neurologic function below the level of injury. An incomplete injury
means that some function is preserved below that level. A number of rating scales have been
devised to classify patients according to the completeness of a spinal cord injury. This permits
doctors to monitor the progress of patients and predict the likelihood of significant recovery. The
most widely accepted instrument for assessing the severity of SCI is the ASIA scale, an
adaptation of the older Frankel Classifications (Table 1-2).
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Ebook Tops Reader, “This book is written in an easy to read format. It is very informative.. I am
enjoying reading this book. I am learning a lot about spinal cord injuries. I have had many
questions since my injury.”

Ebook Tops Reader, “great book. My Granddaughter was recently paralyzed ,This book was
absolutely one of the best books i could have read. very easy to understand and so informative
on what to expect after reading it was more positive about her life and the changes to
come.would recommend it to any one looking for answers!!!”

andreas, “Thank you. Thank you”

The book by Lily Penrose has a rating of  5 out of 4.8. 9 people have provided feedback.
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