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~ Preface

Years ago I felt the need for a manual that
would reduce the diagnosis of neurologic
levels to its common denominators, and com-
bine them with the basi¢ principles of neurol-
ogy to assist in the appraisal of spinal cord
and nerve root problems. As the book began
to take shape in my mind, it became apparent
that the most important aspects of transmitting
this information would lie in its organization
and the clarity of illustrations. The final
structure would have to be simple and clear,
containing the material essential to teach the
crucial concepts of examination and diagnosis.

This book has been written for those who
wish to understand more clearly the clinical
concepts behind neurologic levels. It has been
designed to be read sequentially, from cover
to cover. Each chapter presents basic neu-
rologic information first, then gives it clinical
significance by applying it to the diagnosis
of the more common neurologic pathologies.
The pattern of teaching thus moves from con-

cept to practice, and from the general rule to
its specific application.

vii

However, clinical experience remains the
key to real understanding. A book can do no
more than present, clearly and concisely, sug-
gested methods of evaluation. In the interest
of such clarity, some of the information pre-
sented here has been simplified. The clinical
findings for each neurologic level have, for
example, been stylized to make basic con-
cepts and facts easier to understand; it must
be clinical experience that uncovers the varia-
tions and exceptions which arise in individual
patients. For as Goethe said, ‘‘What one
knows, one sees.”

This book is an expression of my teaching
experience at the Albert Einstein College
of Medicine, where 1 have watched ortho-
paedic, neurosurgical, neurologic, physical
medicine, and family practice residents, as
well as physical therapists, seek this knowl-
edge. I hope this information, and the special
way in which it is organized, provide the
understanding necessary to assess the in-
volvement of neurologic levels.

STANLEY HOPPENFELD, M.D.
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Introduction

The spinal cord is divided into segments.
Nerve roots exit the spinal cord at each seg-
mental level, and are numbered in relation to
the level from which they exit. There are eight
cervical, twelve thoracic, five lumbar, and five
sacral nerves. The C5-T1 segments innervate
the upper extremity, and the T12-S4 segments
the lower extremity; these two sections of the
cord have the greatest clinical significance.

Pathology affecting the spinal cord and
nerve roots commonly produces symptoms
and signs in the extremities according to the
specific neurologic levels involved. These
levels can usually be diagnosed clinically,
since each level of injury has its own charac-
teristic pattern of denervation. -

The common denominator in injuries to ei-
ther the cord or the nerve root lies in the seg-
mental pattern of alteration of motor power,
sensation, and reflex in the extremities. Evalu-
ation of the integrity of the neurologic levels
depends upon a knowledge of the derma-
tomes, myotomes, and reflexes. Different der-
matomes (areas of sensation on the skin sup-
plied by a single spinal segment) and myo-
tomes (groups of muscles innervated by a
single spinal segment) are affected depending
upon the level involved and upon whether the
pathology involves the cord or the nerve roots
emanating from it. It is through a clinical eval-
uation of motor power, sensation, and reflex
- that the correct neurologic level of involve-
ment can be established.

1

MOTOR POWER

The impulses that supply motor power are
transported in the spinal cord via the long
tracts, and in particular via the corticospinal
tracts. Interruption of the nerve root causes
denervation and paralysis of its myotome; in-
terruption of the tract causes spastic paralysis
(Fig. I-1). Pressure on the nerve root may
produce a decrease in muscle strength that can
be evaluated best through the standards set by
the National Foundation of Infantile Paraly-
sis, Inc., Committee on After-Effects, and
adopted by the American and British Acade-
mies of Orthopaedic Surgeons (Table I-1).

In learning to grade a muscle, it is best to
remember that a grade 3 muscle can move the
joint through a_range of motion against grav-
ity. Above grade 3 (grades 4 and 5), resistance
is added to the muscle test; below grade 3
(grades 2, 1, and 0), gravity is eliminated as a
factor.

Mauscle testing should be repeated on a reg-
ular basis to determine whether the level of
the lesion has changed and created either fur-
ther muscular paralysis or improvement. Re-
petitive muscle testing against resistance helps
determine whether the muscle fatigues easily,
implying weakness and neurologic involve-
ment. .

SENSATION

Sensation of pain and temperature is carried
in the spinal cord via the lateral spinothalamic .
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CORTICO-
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Fic. I-1. The corticospinal and spinothalamic
tracts.

tract, whereas touch is carried in the ventral
spinothalamic tract (Fig. I-1). Pathology to
-the cord or nerve root results in the loss of
light touch, followed by loss of sensation of
pain. During a recovery from nerve root in-

jury, sensation of pain returns before light .

touch. The two sensations are tested separa-
tely, light touch with a cotton swab, pain with
pinpricks. i

When testing for pain, use a pin in a gentle
sticking motion. The pinpricks should follow
in succession, but not too rapidly. A pinwheel

is an excellent alternative method of evaluat-
ing alterations in sensation, since two neuro-
logic pinwheels can be used simultaneously,
one on each side, to permit bilateral compari-
son. Safety pins may also be used. The use of
needles is not recommended since they have
cutting surfaces and may injure the patient.
Once an area of altered sensation is found, it
can be located more precisely by repeated
testing from the area of diminished sensation
to the area of normal sensation. Sensation
tests depend largely upon subjective re-
sponses; full cooperation of the patient is nec-
essary. ' .

After sensation is evaluated, the results
should be recorded on a dermatome diagram
as normal, hyperesthetic (increased), hypes-
thetic (decreased), dysesthetic (altered), or an-
esthetic (absent).

REFLEX

The stretch reflex arc is composed of an
organ capable of responding to stretch (muscle
spindle), a peripheral nerve (axon), the spinal
cord synapse, and muscle fibers (Fig. 1-2).

TABLE 1-1. MuscLE GRADING CHART
Muscle Gradations Description
5—Normal Complete range of motion against
gravity with full resistance
4—-Good Complete range of motion against
. gravity with some resistance
3 —Fair Complete range of motion against
. gravity
2—Poor Complete range of motion with
gravity eliminated
1 —Trace Evidence of slight contractility.
No joint motion
0—Zero No evidence of contractility
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Impulses descend from the brain along long
(upper motor neuron) tracts to modulate the
reflex. As a general rule, an interruption in the
basic reflex arc results!in the loss of reflex,
while pressures on the nerve root itself may
decrease its intensity (hyporeflexia). Interrup-
tion of the upper motor neuron’s regulatory
control over the reflex will ultimately cause it
to become hyperactive (hyperreflexia).

Reflexes should be reported as normal, in-
creased, or decreased, an evaluation which re-
quires that one side be compared with the
other. Bilateral comparison provides a direct,
immediately accessible way to detect any al-
. teration in reflexes and is essential for an ac-
curate diagnosis of pathology since the de-
gree of reflex activity varies from person to
person.

The concept of determining neurologic
levels applies to the evaluation of spinal inju-
ries, developmental anomalies, herniated
discs, osteoarthritis, and pathologic processes
of the cord itself. All these pathologic pro-
cesses result in specific segmental distribution
of neurologic signs in the extremities because
of their direct effect on the spinal cord and
nerve roots.

Note that the difference in findings between
cord or nerve root pathology as opposed to pe-
ripheral -nerve injuries is reilected in dif-
ferences in the distribution of the neurologic
findings of motor power, sensation, and reflex.
While each dermatome and myotome is inner-
vated at a cord level and by a peripheral nerve,
each has its own distinct pattern of innerva-
tion. :
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Part One

Nerve Root Lesions by
Neurologic Level
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Evaluation of Nerve Root Lesions
Involving the Upper Extremity

Examination by neurologic level is based
upon the fact that the effects of pathology in
the cervical spine are frequently manifested in
the upper extremity (Fig. 1-1). Problems
which affect the spinal cord itself or nerve
roots emanating from the cord may surface in
the extremity as muscle weakness or abnor-
mality, sensory diminution, and abnormality
of reflex; the distribution of neurologic find-
ings depends upon the level involved. Thus, a
thorough neurologic testing of the extremity
helps determine any involvement of neuro-
logic levels; it may also assist in the evaluation
of an assortment of problems originating in the
cervical cord or its nerve roots.

The following diagnostic tests demonstrate
the relationship between neurologic problems
in the upper extremity and pathology involv-
ing the cervical nerve roots. For each neuro-
logic level of the cervical spine, motor power,
reflexes, and areas of sensation in the upper
extremity should be tested so that the level in-
volved can be identified. We have begun indi-
vidual nerve root testing with CS, the first
contribution to the clinically important bra-
chial plexus. Although C1-C4 are not included
in our tests because of the difficulty of testing
them, it is crucial to remember that the C4
segment is the major innervation to the dia-
phragm (via the phrenic nerve).

ODONTOID PROCESS
ATLAS~ \[j/
\1\\\‘ i

——AXIS

TRANSVERSE

DISK PROCESS

BODY (C-4)

-y
A

St
TRANSVERSE~ AT
FORAMEN

Fi1G. 1-1. The cervical spine.

CAROTID TUB

TESTING OF INDIVIDUAL NERVE ROOTS: -
C5TOTI

Neurologic Level C5

Muscle Testing. The deltoid and the biceps
are the two most easily tested muscles with
CS5 innervation. The deltoid is almost a pure
CS5 muscle; the biceps is innervated by both
CS5 and C6, and evaluation of its C5 innerva-
tion may be slightly blurred by this overlap.

DEeLTOID: CS (AXILLARY NERVE). The del-
toid is actually a three-part muscle. The ante-
rior deltoid flexes, the middle deltoid abducts,
and the posterior deltoid extends the shoulder;
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NEUROLOGIC LEVEL

MOTOR REFLEX SENSATION
’ (e IO
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F1G. 1-2. Neurologic level CS5.
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Testing of Individual Nerve Roérs: C510TI1 9
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FiG. 1-3B. Deltoid.

Origin: Lateral third of clavicle, upper surface of
acromion, spine of scapula.

Insertion: Deltoid tuberosity of humerus.

FI1G. 1-4. Muscle test for shoulder abduction.

Fi1G. 1-3C. Supraspinatus.
Origin: Supraspinous fossa of scapula.
Insertion: Superior facet of greater tuberosity of
humerus, capsule of shoulder joint.

of the three motions, the deltoid acts most
powerfully in abduction. Since the deltoid
does not work alone in any motion, it may be
difficult to isolate it for evaluation. Therefore,
note its relative strength in abduction, its
strongest plane of motion (Fig. 1-2).

Primary shoulder abductors (Fig. 1-3).
1. Deltoid (middle portion)
CS5, C6 (Axillary nerve)
2. Supraspinatus
CS5, C6 (Suprascapular nerve)
Secondary shoulder abductors
1. Deltoid (anterior and posterior por-
tions) : i
2. Serratus anterior (by direct stabilizing
action on the scapula, since abduc-
tion of the shoulder requires a stable
scapula).
Stand behind the patient and stabilize the
acromion. Slide your stabilizing hand slightly
laterally so that, while you stabilize the shoul-



