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Preface

While the years have passed since the first edition of this book, basic anatomy
has not. This book reflects improvements in medical illustration as well as
teaching techniques. The updated version makes learning anatomy more simple
and clear. Advances in how we diagnose and treat patients with spinal injuries

are reflected in the updated text as well.
J. D. Hoppenfeld



Preface to the Previous Edition

Years ago, I felt the need for a manual that would reduce the diagnosis of
neurologic levels to its common denominators and combine them with the basic
principles of neurology 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 neurologic
information first, and then gives it clinical significance by applying it to the
diagnosis of the more common neurologic pathologies. The pattern of teaching
thus moves from concept to practice and from the general rule to its specific
application.

However, clinical experience remains the key to real understanding. A book
can do no more than present, clearly and concisely, suggested methods of
evaluation. In the interest of such clarity, some of the information presented here
has been simplified. The clinical findings for each neurologic level have, for
example, been stylized to make basic concepts and facts easier to understand; it
must be clinical experience that uncovers the variations and exceptions that arise
in individual patients. 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 I have watched orthopaedic, neurosurgical,
neurologic, physical medicine, and family practice residents, as well as physical
therapists, seek this knowledge. I hope this information, and the special way in
which it is organized, provide the understanding necessary to assess the
involvement of neurologic levels.

Stanley Hoppenfeld
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Introduction

The spinal cord is divided into segments. Nerve roots exit the spinal cord at each
segmental level and are numbered in relation to the level from which they exit.
There are 8 cervical, 12 thoracic, 5 lumbar, and 5 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, because each
level of injury has its own characteristic pattern of denervation.

The common denominator in injuries to either the cord or the nerve root
lies in the segmental pattern of alteration of motor power, sensation, and reflex
in the extremities. Evaluation of the integrity of the neurologic levels depends
on a knowledge of the dermatomes, myotomes, and reflexes. Different
dermatomes (areas of sensation on the skin supplied by a single spinal segment)
and myotomes (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
evaluation of motor power, sensation, and reflex that the correct neurologic level
of involvement can be established.

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; interruption 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 Paralysis, Inc., Committee on After-
Effects, and adopted by the American and British Academies 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 gravity. 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.

Muscle testing should be repeated on a regular basis to determine whether
the level of the lesion has changed and created either further muscular paralysis
or improvement. Repetitive muscle testing against resistance helps determine

whether the muscle fatigues easily, implying weakness and neurologic
involvement.

Dentate
ligament Corticospinal

tract

Spinothalamic
tract

Ventral
FIGURE I-1 The corticospinal and spinothalamic tracts.

TABLE I-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

Sensation



Sensation of pain and temperature is carried in the spinal cord via the lateral
spinothalamic 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 injury,
sensation of pain returns before light touch. The two sensations are tested
separately, light touch with a cotton swab and pain with pinpricks.

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 evaluating alterations in sensation, because two neurologic
pinwheels can be used simultaneously, one on each side, to permit bilateral
comparison. Safety pins may also be used. The use of needles is not
recommended because 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 on subjective responses; full
cooperation of the patient is necessary.

After sensation is evaluated, the results should be recorded on a dermatome
diagram as normal, hyperesthetic (increased), hypesthetic (decreased),
dysesthetic (altered), or anesthetic (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. I-2). 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, whereas pressures on the nerve root
itself may decrease its intensity (hyporeflexia). Interruption 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, increased, or decreased, an
evaluation which requires that one side be compared with the other. Bilateral
comparison provides a direct, immediately accessible way to detect any
alteration in reflexes and is essential for an accurate diagnosis of pathology
because the degree of reflex activity varies from person to person.

The concept of determining neurologic levels applies to the evaluation of



spinal injuries, developmental anomalies, herniated discs, osteoarthritis, and
pathologic processes of the cord itself. All these pathologic processes result in
specific segmental distribution of neurologic signs in the extremities because of
their direct effect on the spinal cord and nerve roots.

Afferent
peripheral

Patellar tendon
stretch

Spinal cord :
synapse Efferent S~ e
peripheral 7 Al
nerve
Muscle and
muscle spindle

(end organ)

FIGURE I-2 The stretch reflex arc.

Note that the difference in findings between cord or nerve root pathology
and peripheral nerve injuries is reflected in differences in the distribution of the
neurologic findings of motor power, sensation, and reflex. Although each
dermatome and myotome is innervated at a cord level and by a peripheral nerve,
each has its own distinct pattern of innervation.
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Nerve Root Lesions by
Neurologic Level



1

Evaluation of Nerve Root Lesions
Involving the Upper Extremity

Examination by neurologic level is based on the fact that the effects of
pathology in the cervical spine are frequently manifested in the upper extremity
(Fig. 1-1). Problems that affect the spinal cord itself or nerve roots emanating
from the cord may surface in the extremity as muscle weakness or abnormality,
reflex abnormality, and sensory diminution; the distribution of neurologic
findings depends on the level involved. Thus, a thorough neurologic testing of
the extremity helps determine any involvement of neurologic 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 involving the cervical
nerve roots. For each neurologic level of the cervical spine, motor power,
reflexes, and areas of sensation in the upper extremity should be tested, so that
the level involved can be identified. We have begun individual nerve root testing
with C5, the first contribution to the clinically important brachial 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 diaphragm (via the phrenic nerve).



Odontoid process

Disk

Transverse
process

Carotid tubercle

Transverse
foramen

FIGURE 1-1 The cervical spine.

Testing of Individual Nerve Roots:
C5-T1

Neurologic Level C5

Muscle Testing

The deltoid and biceps are the two most easily tested muscles with C5
innervation. The deltoid is almost a pure C5 muscle; the biceps is innervated by
both C5 and C6, and evaluation of its C5 innervation may be slightly blurred by
this overlap (Fig. 1-2).



Motor Reflex Sensation

- N e
DELTOID BICEPS

=

FIGURE 1-2 Neurologic level C5.

Deltoid: C5 (Axillary Nerve): The deltoid is actually a three-part muscle. The
anterior deltoid flexes, the middle deltoid abducts, and the posterior deltoid
extends the shoulder; of the three motions, the deltoid acts most powerfully in
abduction (Fig. 1-2). Because 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. 1-3).
Primary shoulder abductors (Fig. 1-4):
1. Supraspinatus

C5, C6 (suprascapular nerve)
2. Deltoid (middle portion)

C5, C6 (axillary nerve)
Secondary shoulder abductors:



1. Deltoid (anterior and posterior portions)
2. Serratus anterior (by direct stabilizing action on the scapula, because
abduction 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 shoulder girdle, you can
also palpate the middle portion of the deltoid.

Instruct the patient to abduct their arm with the elbow flexed to 90°. As the
patient moves into abduction, gradually increase your resistance to their motion
until you have determined the maximum resistance the patient can overcome
(Fig. 1-5). Record your findings in accordance with the muscle grading chart
(see page 2).

Biceps: C5-C6 (Musculocutaneous Nerve): The biceps is a flexor of the
shoulder and elbow and a supinator of the forearm (Fig. 1-6); to understand its
full function, envision a man driving a corkscrew into a bottle of wine
(supination), pulling out the cork (elbow flexion), and drinking the wine
(shoulder flexion) (Fig. 1-7).

Function of the Three Parts of the Deltoid Muscle

Anterior deltoid Lateral deltoid Posterior deltoid

FIGURE 1-3 Each head of the deltoid and its function.



FIGURE 1-4B Deltoid.

Origin: Lateral third of clavicle, upper surface of acromion, spine
of scapula.
Insertion: Deltoid tuberosity of humerus.



FIGURE 1-4C Supraspinatus..

Origin: Supraspinous fossa of scapula.

Insertion: Superior facet of greater tuberosity of humerus,
capsule of shoulder joint.

To determine the neurologic integrity of C5, we shall test the biceps only
for elbow flexion. Because the brachialis muscle, the other main flexor of the
elbow, is also innervated by C5, testing flexion of the elbow should give a
reasonable indication of C5 integrity.

To test flexion of the elbow, stand in front of the patient, slightly toward the
side of the elbow being tested. Stabilize his upper extremity just proximal to the
elbow joint by cupping your hand around the posterior portion of the elbow. The
forearm must remain in supination to prevent muscle substitution, which may
assist elbow flexion.

Instruct the patient to flex his arm slowly. Apply resistance as the patient
approaches 45° of flexion; determine the maximum resistance that the patient
can overcome (Fig. 1-8).



Reflex Testing

Biceps Reflex: The biceps reflex is predominantly an indicator of C5 neurologic
integrity; it also has a smaller C6 component. Note that, because the biceps has
two major levels of innervation, the strength of the reflex needs to be only
slightly weaker than the strength of the opposite side to indicate pathology. It is
essential to compare opposite sides of the body.

FIGURE 1-5 Muscle test for shoulder abduction.

To test the reflex of the biceps muscle, place the patient’s arm so that it
rests comfortably across your forearm. Your hand should be under the medial
side of the elbow, acting as support for the arm. Place your thumb on the biceps
tendon in the cubital fossa of the elbow (Fig. 1-9). To find the exact location of
the biceps tendon, have the patient flex his elbow slightly. The biceps tendon



will stand out under your thumb.

Instruct the patient to relax the extremity completely and to allow it to rest
on your forearm, with the elbow flexed to approximately 90°. With the narrow
end of a reflex hammer, tap the nail of your thumb. The biceps should jerk
slightly, a movement that you should be able to either see or feel. To remember
the C5 reflex level more easily, note that when the biceps tendon is tapped, five
fingers come up in a universal gesture of disdain (Fig. 1-9).

Brachialis,
biceps
C5,C6

P
z Radial nerve [ Triceps
c7

Musculocutaneous nerve

FIGURE 1-6A Elbow extension and flexion.



BLA ( C &
FIGURE 1-6B Biceps brachii (left).
Origin: Short head from tip of coracoid process of scapula, long
head from supraglenoid tuberosity of scapula.
Insertion: Radial tuberosity and by lacertus fibrosus to origins of
forearm flexors.
FIGURE 1-6C Brachialis (right).
Origin: Lower two-thirds of the anterior surface of the humerus.
Insertion: Coronoid process and tuberosity of the ulna.

Sensation Testing
Lateral Arm (Axillary Nerve): The C5 neurologic level supplies sensation to the



lateral arm, from the summit of the shoulder to the elbow. The purest patch of
axillary nerve sensation lies over the lateral portion of the deltoid muscle. This
localized sensory area within the C5 dermatome is useful for indicating specific
trauma to the axillary nerve as well as general trauma to the C5 nerve root (Fig.
1-10).

FIGURE 1-7 Various functions of the biceps. (Hoppenfeld, S.:
Physical Examination of the Spine and Extremities. Norwalk, CT:
Appleton-Century-Crofts, 1976.)



FIGURE 1-8 Muscle test for the biceps.

Neurologic Level C6

Muscle Testing

Neither the wrist extensor group nor the biceps muscle has pure C6 innervation.
The wrist extensor group is innervated partially by C6 and partially by C7; the
biceps has both C5 and C6 innervation (Fig. 1-11).






FIGURE 1-9A Biceps reflex test.

FIGURE 1-9B An easy way to remember that the biceps reflex
is innervated by C5 is to associate five fingers with neurologic
level C5.



Axillary nerve

FIGURE 1-10 The sensory distribution of the C5 neurologic
level.
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FIGURE 1-11 Neurologic level C6.

Wrist Extensor Group: C6 (Radial Nerve)

Radial extensors (Fig. 1-12):
1. Extensor carpi radialis longus and brevis,
Radial nerve, C6

Ulnar extensor:
1. Extensor carpi ulnaris
2. C7

To test wrist extension, stabilize the forearm with your palm on the dorsum
of the wrist and your fingers wrapped around it. Then instruct the patient to
extend his wrist. When the wrist is in full extension, place the palm of your
resisting hand over the dorsum of the hand and try to force the wrist out of the



extended position (Fig. 1-13). Normally, you will be unable to move it. Test the
opposite side as a means for comparison. Note that the radial wrist extensors,
which supply most of the power for extension, are innervated by C6, whereas
the extensor carpi ulnaris is innervated primarily by C7. If C6 innervation is
absent and C7 is present, the wrist will deviate to the ulnar side during
extension. On the other hand, in a spinal cord injury where C6 is completely
spared and C7 is absent, radial deviation will occur (Fig. 1-14).

Biceps: C6 (Musculocutaneous Nerve): The biceps muscle, in addition to its C5
innervation, is partially innervated by C6. Test the biceps by muscle testing
flexion of the elbow. (For details, see page 11.)
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FIGURE 1-12A Wrist extension and flexion.
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FIGURE 1-12B Extensor carpi ulnaris (left).

Origin: From common extensor tendon from lateral epicondyle
of humerus and from posterior border of ulna.

Insertion: Medial side of the base of the 5th metacarpal bone.
FIGURE 1-12C Extensor carpi radialis longus (right).

Origin: Lower third of lateral supracondylar ridge of humerus,
lateral intermuscular septum.

Insertion: Dorsal surface of the base of the 2d metacarpal bone.
FIGURE 1-12C Extensor carpi radialis brevis (right).

Origin: From common extensor tendon from lateral epicondyle
of humerus, radial collateral ligament of elbow joint, and



intermuscular septa.
Insertion: Dorsal surface of base of 3d metacarpal bone.

Reflex Testing

Brachioradialis Reflex: The brachioradialis is innervated by the radial nerve via
the C6 neurologic level. To test the reflex, support the patient’s arm as you did
in testing the biceps reflex. Tap the tendon of the brachioradialis at the distal end
of the radius, using the flat edge of your reflex hammer; the tap should elicit a
small radial jerk (Fig. 1-15). Test the opposite side and compare results. The
brachioradialis is the preferred reflex for indicating C6 neurologic level
integrity.

Biceps Reflex: The biceps reflex may be used as an indicator of C6 neurologic
integrity as well as C5. However, because of this dual innervation, the strength
of its reflex need only weaken slightly in comparison to the opposite side to
indicate neurologic problems. The biceps reflex is predominantly a C5 reflex.

FIGURE 1-13 Muscle test for wrist extension.

To test the biceps reflex, tap its tendon as it crosses the elbow. (For details,



see page 11.)

Lateral Forearm (Musculocutaneous Nerve): C6 supplies sensation to the lateral
forearm, the thumb, the index finger, and one-half of the middle finger. To
remember the C6 sensory distribution more easily, form the number 6 with your
thumb, index, and middle fingers by pinching your thumb and index finger
together while extending your middle finger (Fig. 1-16).

Although the triceps, wrist flexors, and finger extensors are partially innervated
by C8, they are predominantly C7 muscles. All of these motions come together
in the throwing motion of a baseball (Fig. 1-17).

Triceps: C7 (Radial Nerve): The triceps is the primary elbow extensor (Fig. 1-
18). To test it, stabilize the patient’s arm just proximal to the elbow and instruct
the patient to extend his arm from a flexed position. Before the patient reaches
90°, begin to resist the patient motion until you have discovered the maximum
resistance the patient can overcome (Fig. 1-19). Your resistance should be
constant and firm, because a jerky, pushing type of resistance cannot permit an
accurate evaluation. Note that gravity is normally a valuable aid in elbow
extension; if extension seems very weak, you must account for it, as well as for
the weight of the arm. If extension seems weaker than grade 3, test the triceps in
a gravity-free plane. Triceps strength is important because it permits the patient
to support weight bearing on a cane or a standard crutch (Fig. 1-20).



FIGURE 1-14 Wrist deviation with C6 and C7 injuries.



FIGURE 1-15 Brachioradialis reflex test, C6.
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FIGURE 1-16 An easy way to remember the sensory distribution
of C6.
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FIGURE 1-17 C7: Triceps extension, wrist flexion, and finger
extension.



Motor Reflex

S
WRIST TRICEPS
FLEXION TENDON

FIGURE 1-18 Neurologic level C7.

Wrist Flexor Group: C7 (Median and Ulnar Nerves)
1. Flexor carpi radialis (Fig. 1-12)

Median nerve, C7
2. Flexor carpi ulnaris

Ulnar nerve, C8

The flexor carpi radialis (C7) is the more important of these two muscles

and provides most of the power for wrist flexion. The flexor carpi ulnaris, which
is primarily innervated by C8, provides less power but acts as an axis for
flexion. To understand this, note the ulnar direction that normal flexion takes.



FIGURE 1-19A Triceps brachii.

Origin: Long head from infraglenoid tuberosity of scapula, lateral
head from posterior and lateral surfaces of humerus, medial
head from lower posterior surface of humerus.

Insertion: Upper posterior surface of olecranon and deep fascia
of forearm.






FIGURE 1-20 Walking with a standard crutch requires an active
triceps muscle.

To prepare for the wrist flexion test, instruct the patient to make a fist. The
finger flexors can, in some instances, act as wrist flexors; finger flexion removes
them as factors during the test, because the muscles have contracted before the
test begins. Stabilize the wrist, then instruct the patient to flex a closed fist.
When the wrist is in flexion, hold the patient’s closed fist and try to pull the
wrist out of its flexed position (Fig. 1-21).

Finger Extensors: C7 (Radial Nerve)
1. Extensor digitorum communis (Fig. 1-22)
2. Extensor indicis proprius
3. Extensor digiti minimi

To test extension of the fingers, stabilize the wrist in the neutral position.
Instruct the patient to extend their metacarpophalangeal joints and flex the
interphalangeal joints at the same time. Flexion of the interphalangeal joints
prevents the substitution of the intrinsic muscles of the hand for the long finger
extensors. Place your hand on the dorsum of the extended proximal phalanges
and try to force them into flexion (Fig. 1-23).

Triceps Reflex: The triceps reflex is innervated by the C7 component of the
radial nerve.

To test the reflex of the triceps muscle, rest the patient’s arm on your
forearm; the position is exactly the same as it was in the test for the biceps
reflex. Instruct the patient to relax his arm completely. When you know that the
arm is relaxed (you can feel the lack of tension in the triceps muscle), tap the
triceps tendon as it crosses the olecranon fossa (Fig. 1-24). The triceps tendon
should jerk slightly, a movement that you can either feel along your supporting
forearm or see.
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FIGURE 1-21A Flexor carpi radialis (left).

Origin: Common flexor tendon from medial epicondyle of
humerus, fascia of forearm.

Insertion: Base of 2d and 3d metacarpal bones.

B
FIGURE 1-21B Muscle test for the wrist flexors.



Finger Extension and Flexion
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FIGURE 1-22A Finger extension—C7; finger flex —C8.



FIGURE 1-22B Extensor digitorum.

Origin: Lateral epicondyle of humerus by common extensor
tendon, intermuscular septa.

Insertion: Lateral and dorsal surfaces of phalanges of medial

four digits.



FIGURE 1-23 Muscle test for finger extension.

Olecranon bursa

FIGURE 1-24 Triceps reflex test.

Sensation Testing



Middle Finger: C7 supplies sensation to the middle finger. Because middle
finger sensation is also occasionally supplied by C6 and C8, there is no
conclusive way to test C7 sensation.

Finger Flexors

1. Flexor digitorum superficialis (Fig. 1-22)
Median nerve, C8

2. Flexor digitorum profundus
Median and ulnar nerves, C8

3. Lumbricals
Median and ulnar nerves, C8 (T1)

The flexor digitorum profundus, which flexes the distal interphalangeal
joint, and the lumbricals, which flex the metacarpophalangeal joint, usually
receive innervation from the ulnar nerve on the ulnar side of the hand and from
the median nerve on the radial side. If there is an injury to the C8 nerve root, the
entire flexor digitorum profundus becomes weak, with secondary weakness in
all finger flexors. If, however, there is a peripheral injury to the ulnar nerve,
weakness will exist only in the ring and little fingers. The flexor digitorum
superficialis, which flexes the proximal interphalangeal joint, has only median
nerve innervation and is affected by root injury to C8 and peripheral injuries to
the median nerve (Fig. 1-25).

To test flexion of the fingers, instruct the patient to flex his fingers at all
three sets of joints: the metacarpophalangeal joints, the proximal interphalangeal
joints, and the distal interphalangeal joints. Then curl or lock your four fingers
into the patients (Fig. 1-26). Try to pull the fingers out of flexion. As you
evaluate the results of your test, note which joints fail to hold flexion against
your pull. Normally, all joints should remain flexed. To remember the C8 motor
level more easily, note that the muscle test has four of your fingers intertwined
with four of the patient’s; the sum equals eight (Fig. 1-27).

Medial Forearm (Medial Antebrachial-Cutaneous Nerve): C8 supplies sensation
to the ring and little fingers of the hand and the distal half of the forearm. The



ulnar side of the little finger is the purest area for sensation of the ulnar nerve
(which is predominantly C8) and is the most efficient location for testing. Test
the opposite side as a means for comparison and grade your patient’s sensation
as absent (anesthesia), diminished (hypoesthesia), normal, or increased
(hyperesthesia) (Fig. 1-28).

-
Motor Reflex Sensation

SR . % L
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FIGURE 1-25 Neurologic level C8.



Flexor digitorum
superficialis

FIGURE 1-26A Flexor digitorum superficialis (left). Origin:
Humeral head from common flexor tendon from medial
epicondyle of humerus, ulnar head from coronoid process of
ulna, radial head from oblique line of radius.

Insertion: Margins of palmar surface of middle phalanx of medial
four digits.



FIGURE 1-26B Lumbricals.

Origin: There are four lumbricals, all arising from tendons of
flexor digitorum profundus: 1st from radial side of tendon for
index finger, 2d from radial side of tendon for middle finger, 3d
from adjacent sides of tendons for middle and ring fingers, 4th
from adjacent sides of tendons for ring and little fingers.
Insertion: With tendons of extensor digitorum and interossei into
bases of terminal phalanges of medial four digits.



FIGURE 1-26C Muscle testing of the finger flexors.

Neurologic Level T1

Test T1 for its motor and sensory components, because T1, like C8, has no
identifiable reflex associated with it (Fig. 1-29).

Muscle Testing

Finger Abduction

1. Dorsal interossei (DAB)—(The initials indicate that the Dorsal interossei
ABduct.) Ulnar nerve, T1 (Fig. 1-30)

2. Abductor digiti quinti (5 finger)
Ulnar nerve, T1

FIGURE 1-27 An easy way to remember that C8 innervates the
finger flexors.
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FIGURE 1-28 C8 sensory distribution.
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FIGURE 1-29 Neurologic level T1.



Finger Abduction and Adduction
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FIGURE 1-30 Interossei dorsales.
Origin: There are four dorsal interossei, each arising by two
heads from adjacent sides of metacarpal bones.

Note that all small muscles of the hand are innervated by T1. To test finger
abduction, instruct the patient to abduct their extended fingers away from the
axial midline of the hand. Then pinch each pair of fingers to try to force them
together: pinch the index to the middle, ring, and little fingers; the middle to the
ring and little fingers; and the ring to the little fingers (Fig. 1-31). Observe any
obvious weaknesses between pairs, and test the other hand as a means of
comparison.

Note that pushing the little finger to the ring finger tests the abductor digiti
quinti.

Finger Adduction
Primary adductor (Fig. 1-30)
1. Palmar Interossei (PAD)—(The initials indicate that the Palmar interossei

ADduct.)

Ulnar nerve, C8, T1

To test finger adduction, have the patient try to keep his extended fingers

together while you attempt to pull them apart. Test in pairs as follows: the index
and middle fingers, the middle and ring fingers, and the ring and little fingers.



FIGURE 1-31 Muscle test for finger abduction.

Finger adduction can also be checked if you place a piece of paper between
two of the patient’s extended fingers and pull it out from between. The strength
of his grasp should be compared with that of the opposite hand (Fig. 1-32). To
remember the T1 neurologic level more easily, pull a one-dollar bill from
between the extended fingers and associate the one dollar with neurologic level
T1.

Sensation Testing

Medial Arm (Medial Brachial Cutaneous Nerve): T1 supplies sensation to the
upper half of the medial forearm and the medial portion of the arm (Fig. 1-33).



Summary

The following scheme is recommended for testing neurologic levels in the upper
extremity. In the neurologic examination of the upper extremity, it is practical to
evaluate all motor power first, then all reflexes and finally sensation. This
method permits economy of effort and creates a minimum of disturbance for the
patient.

Motor power can be tested almost completely in the wrist and hand with
minimal motion and effort for the examiner and patient. Wrist extension (C6),
wrist flexion and finger extension (C7), finger flexion (C8), and finger
abduction and adduction (T1) can all be performed in one smooth motion. Only
C5 must be tested elsewhere, with the deltoid and biceps muscles (Fig. 1-34).

FIGURE 1-32 Muscle test for finger adduction.



Medial brachial-
cutaneous nerve

FIGURE 1-33 T1 sensory distribution.

Reflexes can all be obtained in a smooth pattern if the elbow and extremity
are stabilized in one position. It is then easy to move the reflex hammer to tap
the appropriate tendon—biceps (C5), brachioradialis (C6), and triceps (C7) (Fig.
1-35).

Sensation can also be tested in a smooth pattern. Start proximally on the
outer portion of the extremity and move down the extremity (C5, arm; C6,
forearm), then across the fingers (C6-C8). Finally, move up the inner border of
the extremity (C8, forearm; T1, arm), to the axilla (T2) (Fig. 1-36).



FIGURE 1-34 Summary of muscle testing for the upper
extremity.



FIGURE 1-35 Summary of reflex testing for the upper extremity.



FIGURE 1-36 Summary of sensation for the upper extremity.

NEUROLOGIC LEVELS IN UPPER EXTREMITY

Motor
C5—Shoulder abduction
C6—Wrist extension
C7—Wrist flexion and finger extension
C8—Finger flexion
T1—Finger abduction, adduction

Sensation
C5—Lateral arm
C6—Lateral forearm, thumb, and index finger
C7—Middle finger (variable)
C8—Medial forearm, ring, and small finger
T1—Medial arm



T2—Axilla

Reflex
C5—Biceps
C6—Brachioradialis
C7—Triceps

Clinical Application of Neurologic
Levels

Herniated Cervical Disks

There are eight cervical nerves and only seven cervical vertebrae; thus, each
cervical nerve leaves the spine adjacent to its corresponding vertebral body
except C8, the first cervical nerve exits between the occiput and C1, the sixth
between C5 and C6, and the eighth between C7 and T1 (Fig. 1-37). A herniated
disk impinges upon the nerve root exiting above the disk and passing through
the nearby neural foramen and results in the involvement of one specific
neurologic level. For example, a herniated disk between C5 and C6 impinges
upon the C6 nerve root (Fig. 1-38). When a disk herniates into a nerve root, pain
radiates along the path of the nerve root being irritated.
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FIGURE 1-37 Cervical vertebrae and nerve roots.

There is slightly more motion between C5 and C6 than between the other
cervical vertebrae (except for between the specialized articulations of the
occiput and C1, and C1 and C2) (Figs. 1-39 and 1-40). Greater motion causes a
greater potential for breakdown, and the incidence of herniated disks and
osteoarthritis is greater at C5-C6 than at any of the other cervical disk spaces.
The incidence of herniation increases at C6-C7 as the patient grows older; the
reasons for this are not yet known.

To involve the nerve root, the disks must herniate posteriorly. They do so
for two reasons: first, the annulus fibrosus is intact and strong anteriorly and
defective posteriorly; second, the anterior longitudinal ligament is anatomically
broader and stronger than the narrower posterior longitudinal ligament. Because
a disk usually herniates under pressure, it breaks through in the direction of least
resistance, posteriorly. Because of the rhomboidal shape of the posterior
longitudinal ligament, the disk also tends to herniate to one side or the other
(Fig. 1-41); it is less common to have a midline herniation, because the disk
would then have to penetrate the strongest portion of the ligament.



FIGURE 1-38 A herniated cervical disk.
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FIGURE 1-39 Specialized articulation between the occiput and

C1 allowing for 50 percent of the flexion and extension in the
cervical spine.




FIGURE 1-40 Specialized articulation between C1 and C2
allowing for 50 percent of the rotation in the cervical spine.

Pain in one arm or the other is symptomatic of herniated cervical disks; the
pain usually radiates to the hand along the neurologic pathways of the involved
root, although, occasionally, the pain may be referred only as far as the shoulder.
Coughing, sneezing, or straining