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Preface


The first edition of this atlas was presented as a companion to Kline and Hudson’s Nerve Injuries: Operative Results of Major Injuries, Entrapments, and Tumors. We based that book primarily on the results of peripheral nerve surgery that had been performed at Louisiana State University in New Orleans. We received comments and critiques from a wide variety of practitioners and students, and many of their suggestions have been incorporated into the second edition, which has been extensively rewritten and reformatted. Daniel H. Kim will guide subsequent editions of this atlas.


We have tried to give the reader our personal approaches to peripheral nerve operations. Minimal access surgery is described along with traditional open and, at times, extensive exposures. Both clinical diagnosis and surgical practice depend on a mastery of anatomy, and we describe those elements that have key clinical and surgical relevance. We have not described alternative operations with which we have no experience. The text has been kept as sparse as possible, and there is no bibliography. The second edition of Nerve Injuries, now translated into Spanish and Chinese, should be consulted for a fuller discussion of individual topics.


We remain indebted to our patients, our trainees, and our students. We have greatly enjoyed the friendship of many international and local colleagues who, in a variety of surgical and medical disciplines, share a special interest in peripheral nerve disorders. Their thoughts are frequently incorporated into our writing and illustrations. A special thank you is extended to our families for their support and good humor over many years. Our editors and publisher have endeavored to produce a thoroughly modern work, and we acknowledge their effort with gratitude. And finally, many special thanks to our medical illustrators, Yea Sang Won and Jung MiJin, and to Drs. Cho DoSang, Kim IlSup, Lee SangKook, and other individuals for their time, interest, and energy.




Daniel H. Kim







Alan R. Hudson







David G. Kline













Preface to the First Edition


In 1994, after the manuscript for Kline and Hudson’s Nerve Injuries: Operative Results of Major Injuries, Entrapments, and Tumors had been sent to Saunders, our editor, Richard Zorab, suggested the possible usefulness of a companion surgical dissection text or atlas. The purpose of this volume was and is to show by a series of line drawings and color photographs of cadaver dissections the surgical approaches we commonly used for various types of nerve lesions. As a result, the help of two medical artists was enlisted, Barbara Siede (at Ochsner) and Eugene New (at LSU Health Sciences Center), the latter having provided illustrations for our first book, worked long hours on the drawings. The basic drawings or operative steps for each chapter were made by these talented medical artists. They came to the operating rooms at Ochsner, Charity, and University hospitals in New Orleans and drew sketches of operations actually in progress. These step-by-step drawings were then supplemented by somewhat graphic and less interpretive figures taken from the literature, such as anatomy texts, or other texts or were sometimes devised by us, especially Dr. Hudson.


The individual chapters have been embellished by a thoughtful series of cardiovascular dissections provided by Dr. Kim. These full-color photographs were made from specially prepared cadaver material. They provide a large amount of anatomic detail for each region where nerve dissections are necessary.


The text has been kept as spare as possible, and there is no bibliography. Nonetheless, we are indebted to the others who have published surgical photographs and authors such as Kempe and Poppen, who at least in part provide some surgically oriented views of nerves. We are not aware though of a text totally devoted to the nerve and its operations.


We realize that other writers may have different approaches for given lesions, but we have tried to give the reader our own personal approaches. We also realize that more detail could have been provided in some chapters. For example, with nerve tumors there is a large variety of tumor types sometimes requiring minor but important differences in surgical approaches. Nonetheless, we have tried to provide information about the most common types of tumors—neural sheath tumors—because they illustrate many of the basic points to be made about nerve tumors. We remain indebted to our patients, our trainees (both residents and nerve fellows), our students and faculty, and the larger community of nerve surgeons whose thinking is sometimes reflected in our own writing and drawings. An especially special thank you is due for families, who now wonder if writing and editing is a career choice for us rather than neurosurgery, and of course, our editors and others at Saunders.




David G. Kline







Alan R. Hudson







Daniel H. Kim












I


Upper Extremity










Chapter 1 Anatomy and Function in the Upper Extremity


Note: Unless otherwise indicated, arrows in figures indicate the direction of patient motion.
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Figure 1-1 Overview of nerves arising from the supraclavicular brachial plexus.
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Figure 1-2 Rhomboid Major and Minor Muscles







• Muscle attachments: Spinous processes of T2 to T5 (rhomboid major) and ligamentum nuchae and spinous processes of C7 and T1 (rhomboid minor) to medial border of scapula


• Innervation: Dorsal scapular nerve (C4 and C5)


• Function: Adduction; rotation of scapula


• Physical examination: The patient places a hand on his or her back and pushes backward against resistance. (Arrow: muscle bellies can be seen.)
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Figure 1-3 Levator Scapulae Muscle







• Muscle attachments: Transverse processes of C1 through C4 to medial border of scapula


• Innervation: Dorsal scapular (C5) and cervical (C3 and C4) nerves


• Function: Raises scapula and inclines neck to corresponding side if scapula is fixed


• Physical examination: The patient tries to shrug the shoulders (arrows) against resistance.
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Figure 1-4 Supraspinatus Muscle







• Muscle attachments: Supraspinatus fossa of scapula to superior facet on greater tubercle of humerus


• Innervation: Suprascapular nerve (C4, C5, and C6)


• Function: Initial abduction of shoulder joint


• Physical examination: The patient abducts the shoulder (arrow) against resistance.
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Figure 1-5 Infraspinatus Muscle







• Muscle attachments: Infraspinatus fossa of scapula to middle facet on greater tubercle of humerus


• Innervation: Suprascapular nerve (C5 and C6)


• Function: External rotation of head of humerus at the shoulder joint


• Physical examination: The patient externally rotates (arrow) the upper arm at the shoulder against resistance.
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Figure 1-6 Serratus Anterior Muscle







• Muscle attachments: Anterior surfaces of first eight or nine ribs to medial border of anterior surface of scapula


• Innervation: Long thoracic nerve (C5 to C7)


• Function: Abduction of scapula


• Physical examination: Patient pushes against resistance (e.g., the examiner’s hand or a wall). (If the serratus anterior is paralyzed, winging of the scapula can be observed.)
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Figure 1-7 Overview of nerves arising from the infraclavicular portion of the brachial plexus.
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Figure 1-8 Subscapularis Muscle







• Muscle attachments: Subscapular fossa to lesser tubercle of humerus


• Innervation: Upper and lower subscapular nerves (C5 to C7)


• Function: Internal rotation of humerus


• Physical examination: The patient internally rotates the upper arm against resistance. (The main mover is the pectoralis major.)
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Figure 1-9 Teres Major Muscle







• Muscle attachments: Dorsal surface of inferior angle of scapula to intertubercular groove of humerus


• Innervation: Lower subscapular nerve (C6 and C7)


• Function: Internal rotation and adduction of humerus at shoulder joint


• Physical examination: The patient tries to adduct (arrow) the elevated upper arm against resistance.
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Figure 1-10 Latissimus Dorsi Muscle







• Muscle attachments: Spinous processes of T6 to T12, thoracolumbar fascia, iliac crest, and inferior three or four ribs to floor of intertubercular groove of humerus


• Innervation: Thoracodorsal nerve (C6 to C8)


• Function: Internal rotation and adduction of humerus at shoulder joint


• Physical examination: The upper arm is horizontal, and the patient is asked to adduct it against resistance. Also, in a relaxed, upright position, the patient is asked to cough; muscle bellies can be felt to contract when the patient coughs.
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Figure 1-11 Pectoralis Major Muscle







• Muscle attachments: Anterior surface of medial half of clavicle (clavicular head) and anterior surface of sternum, superior six costal cartilages, and aponeurosis of external oblique muscle (sternocostal head) to lateral lip of intertubercular groove of humerus


• Innervation: Medial and lateral pectoral nerves—clavicular head supplied by C5, C6 (lateral pectoral nerve) and sternocostal head supplied by C6, C7, and C8 (medial and lateral pectoral nerves)


• Function: Internal rotation and adduction of humerus at shoulder joint


• Physical examination



• Sternocostal head: The patient adducts (arrow) an elevated arm against resistance.



• Clavicular head: With the upper arm above the horizontal, the patient pushes forward against the examiner’s hand.
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Figure 1-12 Pectoralis Minor Muscle







• Muscle attachments: Ribs 3 through 5 to coracoid process of scapula


• Innervation: Medial pectoral nerve (C8 and T1)


• Function: Draws scapula downward and assists in respiration
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Figure 1-13 Sensory distributions of the medial brachial cutaneous nerve (left) and intercostobrachial nerve (right) (A), and medial antebrachial cutaneous nerve (B).
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Figure 1-14 Overview of the musculocutaneous, axillary, radial, median, and ulnar nerves.
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Figure 1-15 Overview of the musculocutaneous nerve.
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Figure 1-16 Coracobrachialis Muscle







• Muscle attachments: Coracoid process to medial surface of humerus


• Innervation: Musculocutaneous nerve (C5 to C7)


• Function: Internal rotation, flexion, and adduction of shoulder joint


• Physical examination: With the arm flexed and laterally rotated at the shoulder joint, the elbow completely flexed, and the forearm supinated, the patient flexes (arrow) the shoulder joint against resistance.
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Figure 1-17 Biceps Brachii Muscle







• Muscle attachments: Coracoid process (short head) and supraglenoid tubercle of scapula (long head) to tuberosity of radius


• Innervation: Musculocutaneous nerve (C5 and C6)


• Function: Flexion at elbow joint and supination at forearm


• Physical examination: When the patient flexes (arrow) the supinated forearm against resistance, the muscle can be seen.
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Figure 1-18 Brachialis Muscle







• Muscle attachments: Anterior surface of humerus to coronoid process of ulna


• Innervation: Musculocutaneous nerve (C5 to C7)


• Function: Flexion of elbow joint


• Physical examination: The patient flexes (arrow) the supinated forearm against resistance.
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Figure 1-19 Sensory distribution of the lateral antebrachial cutaneous nerve.
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Figure 1-20 Overview of the axillary nerve.
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Figure 1-21 Deltoid Muscle







• Muscle attachments: Lateral third of clavicle, acromion, and spine of scapula to deltoid tuberosity of humerus


• Innervation: Axillary nerve (C5 and C6)


• Function: Abduction of shoulder joint


• Physical examination: The patient abducts the shoulder (arrow) against resistance.
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Figure 1-22 Teres Minor Muscle







• Muscle attachments: Lateral border of scapula to inferior facet on greater tubercle of humerus


• Innervation: Axillary nerve (C5 and C6)


• Function: Adduction and lateral rotation of head of humerus


• Physical examination: The patient externally rotates (arrow) the shoulder against resistance.
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Figure 1-23 Sensory distribution of the superior lateral brachial cutaneous nerve.
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Figure 1-24 Overview of the radial nerve.
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Figure 1-25 Triceps Brachii Muscle







• Muscle attachments: Infraglenoid tubercle of scapula (long head), posterior surface of humerus (lateral head), and posterior surface of humerus (medial head) to proximal end of olecranon of ulna and fascia of forearm


• Innervation: Radial nerve (C6 to C8)


• Function: Extension of elbow joint


• Physical examination: The patient extends the elbow (arrow) against resistance.
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Figure 1-26 Brachioradialis Muscle







• Muscle attachments: Humerus and lateral humeral condyle to radius


• Innervation: Radial nerve


• Function: Flexion of elbow joint


• Physical examination: The patient flexes the forearm (arrow) against resistance, with the forearm midway between pronation and supination.
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Figure 1-27 Extensor Carpi Radialis Longus and Brevis Muscles







• Muscle attachments: Distal third of lateral supracondylar ridge and lateral epicondyle of humerus to the radial side of dorsal surface of base second and third metacarpals


• Innervation: Posterior interosseous nerve of radial nerve (C7 and C8)


• Function: Extension and abduction of wrist joint


• Physical examination: The patient extends and abducts the wrist joint (arrow) against resistance.
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Figure 1-28 Supinator Muscle







• Muscle attachments: Lateral epicondyle of humerus, radial collateral and annular ligaments, supinator fossa, crest of ulna to radius


• Innervation: Posterior interosseous nerve, branch of radial nerve (C5 and C6)


• Function: Supination of forearm


• Physical examination: The patient supinates the forearm (arrow) against resistance, with the forearm extended at the elbow.
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Figure 1-29 Extensor Carpi Ulnaris Muscle







• Muscle attachments: Lateral epicondyle of humerus and ulna to fifth metacarpal bone


• Innervation: Posterior interosseous nerve of radial nerve (C7 and C8)


• Function: Extension and adduction of wrist joint


• Physical examination: The muscle can be tested and seen when the patient extends and adducts the wrist (arrow) against resistance.
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Figure 1-30 Extensor Digitorum Muscle







• Muscle attachments: Lateral epicondyle of humerus to dorsal aspects of bases of middle and distal phalanges of medial four digits via “extensor hoods”


• Innervation: Posterior interosseous nerve of radial nerve (C7 and C8)


• Function: Extension of medial four digits; assists in extension of wrist joint


• Physical examination: While the patient’s hand is firmly supported by the examiner’s hand, extension at the metacarpophalangeal joints (arrow) is maintained against resistance.
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Figure 1-31 Extensor Digiti Minimi Muscle







• Muscle attachments: Lateral epicondyle of humerus to fifth metacarpal


• Innervation: Posterior interosseous nerve of radial nerve (C7 and C8)


• Function: Extension of fifth digit


• Physical examination: The patient extends the fifth digit (arrow) against resistance.
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Figure 1-32 Abductor Pollicis Longus Muscle







• Muscle attachments: Ulna, radius, and interosseous membrane to first metacarpal


• Innervation: Posterior interosseous nerve of radial nerve (C7 and C8)


• Function: Abduction of carpometacarpal joint of the thumb.


• Physical examination: The patient abducts thumb at the carpometacarpal joint in a right angle plane to the palm (arrow).
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Figure 1-33 Extensor Pollicis Longus Muscle







• Muscle attachments: Ulna and interosseous membrane to distal phalanx of thumb


• Innervation: Posterior interosseous nerve, branch of radial nerve (C7 and C8)


• Function: Extension of terminal phalanx of thumb


• Physical examination: The patient extends the thumb at the interphalangeal joint (arrow) against resistance.
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Figure 1-34 Extensor Indicis Muscle







• Muscle attachments: Ulna and interosseous membrane to second digit


• Innervation: Posterior interosseous nerve, branch of radial nerve (C7 and C8)


• Function: Extension of metacarpophalangeal and interphalangeal joint of index finger


• Physical examination: The patient extends the second (index) finger at the interphalangeal joint (arrow) against resistance.
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Figure 1-35 Anconeus Muscle







• Muscle attachments: Lateral epicondyle of humerus to olecranon and ulna


• Innervation: Radial nerve (C7 to T1)


• Function: Minor stabilizer of the elbow joint


• Physical examination: With the arm slightly abducted and the forearm slightly flexed, the patient extends the forearm (arrow) against resistance.
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Figure 1-36 Sensory distribution of the radial nerve.
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Figure 1-37 Overview of the median nerve.
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Figure 1-38 Pronator Teres Muscle







• Muscle attachments: Medial epicondyle of humerus and coronoid process of ulna to radius


• Innervation: Median nerve (C6 and C7)


• Function: Pronation of forearm


• Physical examination: The patient pronates the forearm (arrow) against resistance.
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Figure 1-39 Flexor Carpi Radialis Muscle







• Muscle attachments: Medial epicondyle of humerus to second metacarpal


• Innervation: Median nerve (C6 and C7)


• Function: Flexion of wrist joint; assists in pronation and abduction of wrist joint


• Physical examination: The tendon of this muscle can be observed when the patient flexes and abducts the wrist (arrow) against resistance.
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Figure 1-40 Palmaris Longus Muscle







• Muscle attachments: Medial epicondyle of humerus to palmar aponeurosis


• Innervation: Median nerve (C7 and C8)


• Function: Wrist flexion


• Physical examination: The patient flexes his wrist. (Arrow: The tendon can be seen.)











[image: image]

Figure 1-41 Flexor Digitorum Superficialis Muscle







• Muscle attachments: Epicondyle of humerus, ulnar collateral ligament, coronoid process (humeroulnar head), and radius (radial head) to middle phalanges of medial four digits


• Innervation: Median nerve (C7 to T1)


• Function: Flexion of middle and proximal phalanges of medial four digits; flexion of wrist joint


• Physical examination: With the proximal phalanx fixed, the patient flexes the proximal interphalangeal joint (arrow) against resistance.
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Figure 1-42 First and Second Lumbrical Muscles







• Muscle attachments: Lateral two tendons of flexor digitorum profundus to lateral sides of extensor expansions of digits 2 to 5


• Innervation: Median nerve (C8 and T1)


• Function: Flexion of second and third fingers at the metacarpophalangeal joint; extension of second and third fingers at the interphalangeal joint


• Physical examination: With the metacarpophalangeal joint hyperextended and fixed, the patient extends the finger at the proximal interphalangeal joint (arrow) against resistance.
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Figure 1-43 Opponens Pollicis Muscle







• Muscle attachments: Flexor retinaculum and tubercle of trapezium bone


• Innervation: Recurrent branch of median nerve (C8 and T1)


• Function: Rotates thumb


• Physical examination: The patient touches the base of the little finger with the thumb (arrow), so that the thumbnail and small fingernail are parallel.
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Figure 1-44 Abductor Pollicis Brevis Muscle







• Muscle attachments: Flexor retinaculum and tubercles of scaphoid and trapezium bones to proximal phalanx of thumb


• Innervation: Recurrent branch of median nerve (C8 and T1)


• Function: Abduction of the thumb at right angles to plane of palm


• Physical examination: The patient abducts the thumb at the carpometacarpal joint (arrow), in a right angle plane to the palm.
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Figure 1-45 Flexor Digitorum Profundus Muscle







• Muscle attachments: Anterior and medial surfaces of proximal ulna to anterior surface of distal phalanges


• Innervation



• Medial part: Ulnar nerve (C8 and T1)



• Lateral part: Median nerve (C8 and T1)


• Function: Flexion of terminal phalanges of medial four digits after superficialis flexes third phalanges; flexion of wrist


• Physical examination: The patient flexes the distal interphalangeal joint (arrow) against resistance while the middle phalanx is fixed.
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Figure 1-46 Flexor Pollicis Longus Muscle







• Muscle attachments: Anterior surface of radius and interosseous membrane to distal phalanx of thumb


• Innervation: Anterior interosseous nerve of median nerve (C8 and T1)


• Function: Flexion of thumb


• Physical examination: The patient flexes the distal phalanx of the thumb (arrow) against resistance while the proximal phalanx is fixed.
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Figure 1-47 Pronator Quadratus Muscle







• Muscle attachments: Anterior surface of ulna to radius


• Innervation: Anterior interosseous nerve of median nerve (C8 and T1)


• Function: Pronation of forearm


• Physical examination: The patient pronates the forearm joint (arrow).
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Figure 1-48 Sensory distribution of the median nerve.
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Figure 1-49 Overview of the ulnar nerve.
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Figure 1-50 Flexor Carpi Ulnaris Muscle







• Muscle attachments: Medial epicondyle of humerus (humeral head) and olecranon and posterior border of ulna (ulnar head) to pisiform bone, hook of hamate bone, and fifth metacarpal bone


• Innervation: Ulnar nerve (C7 and C8)


• Function: Flexion and adduction of wrist joint


• Physical examination: The patient flexes and adducts the hand at the wrist (arrow) against resistance.
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Figure 1-51 Flexor Digitorum Profundus Muscle







• Muscle attachments: Ulna to distal phalanges


• Innervation



• Medial part: Ulnar nerve (C8 and T1)



• Lateral part: Median nerve (C8 and T1)


• Function: Flexion of terminal phalanges of medial four digits after superficialis flexes third phalanges; flexion of wrist


• Physical examination: The patient flexes the distal interphalangeal joint (arrow) against resistance while the middle phalanx is fixed.
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Figure 1-52 Abductor Digiti Minimi Muscle







• Muscle attachments: Pisiform bone to proximal phalanx of digit 5


• Innervation: Ulnar nerve (C8 and T1)


• Function: Flexion and abduction of metacarpophalangeal joint of fifth finger


• Physical examination: While the patient’s hand and fingers are flat upon the table, the patient abducts the little finger (arrow) against resistance.
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Figure 1-53 Flexor Digiti Minimi Muscle







• Muscle attachments: Hook of hamate bone and flexor retinaculum to proximal phalanx and metacarpal bone of digit 5


• Innervation: Ulnar nerve (C8 and T1)


• Function: Flexion and abduction of metacarpophalangeal joint of fifth finger


• Physical examination: With the interphalangeal joints held extended, the patient flexes the fifth finger at the metacarpophalangeal joint (arrow) against resistance.
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Figure 1-54 Opponens Digiti Minimi Muscle







• Muscle attachments: Hook of hamate bone and flexor retinaculum to fifth metacarpal bone


• Innervation: Ulnar nerve (C8 and T1)


• Function: Draws metacarpal joint of fifth digit in the palmar direction


• Physical examination: The patient touches the tip of the little finger with the thumb (arrow) against resistance.
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Figure 1-55 Adductor Pollicis Muscle







• Muscle attachments: Second and third metacarpals (oblique head) and third metacarpal (transverse head) to proximal phalanx of thumb


• Innervation: Ulnar nerve (C8 and T1)


• Function: Adduction of thumb


• Physical examination: The patient adducts (arrow) the thumb at right angles to the palm against the resistance of the examiner’s finger.
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Figure 1-56 Flexor Pollicis Brevis Muscle







• Muscle attachments: Flexor retinaculum and tubercles of scaphoid and trapezium bones to proximal phalanx of thumb


• Innervation



• Superficial head: Median nerve (C8 and T1)



• Deep head: Ulnar nerve (C8 and T1)


• Function: Flexion and opposition of carpometacarpal joint of the thumb; flexion of metacarpophalangeal joint of the thumb


• Physical examination: The patient flexes the proximal phalanx of the thumb (arrow) against resistance.
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Figure 1-57 Dorsal Interosseous Muscles







• Muscle attachments: Adjacent sides of two metacarpal bones to proximal phalanges


• Innervation: Ulnar nerve (C8 and T1)


• Function: Abduct digits


• Physical examination: The patient abducts the second finger from the middle finger (arrow) against resistance.
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Figure 1-58 Palmar Interosseous Muscles







• Muscle attachments: Palmar surfaces of second, fourth, and fifth metacarpal bones to extensor expansions of digits and bases of proximal phalanges of digits 2, 4, and 5


• Innervation: Ulnar nerve (C8 and T1)


• Function: Flexion of second to fourth finger metacarpophalangeal joints; extension and adduction of second to fourth finger proximal and distal interphalangeal joints


• Physical examination: The patient adducts the second finger toward the middle finger (arrow).
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Figure 1-59 Third and Fourth Lumbrical Muscles







• Muscle attachments: Medial three tendons of flexor digitorum profundus to lateral sides of digits 2 to 5


• Innervation: Deep branch of ulnar nerve (C8 and T1)


• Function: Flexion of the fourth and fifth fingers at the metacarpophalangeal joint; extension of the fourth and fifth fingers at the interphalangeal joint


• Physical examination: The patient extends the finger at the proximal interphalangeal joint (arrow) against resistance, with the metacarpophalangeal joint hyperextended and fixed.
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Figure 1-60 Sensory distribution of the ulnar nerve.
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Figure 1-61 Trapezius Muscle







• Muscle attachments: Medial third of superior nuchal line, external occipital protuberance, ligamentum nuchae, and spinous processes of C7 through T12 to lateral third of clavicle, acromion, and spine of scapula


• Innervation: Spinal accessory nerve (CN XI)


• Function: Draws scapula upward; draws scapula medially at the transverse part; draws scapula downward. With serratus anterior, rotates scapula in shoulder abduction.


• Physical examination: The patient tries to elevate the shoulders (arrows) against resistance.
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Figure 1-62 Sternocleidomastoid Muscle







• Muscle attachments: Mastoid process of temporal bone and lateral half of superior nuchal line to manubrium of sternum (sternal head) and medial third of clavicle (clavicular head)


• Innervation: Spinal accessory nerve (CN XI)


• Function: Protrusion and rotation of the head


• Physical examination: The examiner places a hand against the patient’s forehead. The patient attempts to protrude his or her head against resistance. The examiner places a hand on the side of the patient’s chin. The patient attempts to rotate his or her head against resistance.
















Chapter 2 The Brachial Plexus






Supraclavicular Brachial Plexus






Anatomy







• The surgeon must review the appropriate osteology. No matter how dense the scarring, the bony points are palpable at surgery and form welcome guides (Figures 2-1 and 2-2).


• The transverse processes of the lower cervical vertebrae should be studied in detail so that the surgeon understands the relationship of the intervertebral foramen to the transverse process, which forms a gutter supporting the spinal nerves, and the relationship of both to the vertebral artery, vein, and accompanying sympathetic fibers (Figures 2-3 and 2-4).


• The scalenus anterior is attached to the anterior tubercle and the scalenus medius to the posterior tubercle of the transverse process (Figure 2-5).


• The clavicle should be examined so that surgeon understands the points of attachment of the sternocleidomastoid (SCM), pectoralis major, deltoid, and subclavius (Figures 2-6 and 2-7). On rare occasions, the clavicle is divided at surgery, using a Gigli saw (Figure 2-8).


• The scapula should be reviewed so that the transverse scapular ligament can be located. This ligament is the point of attachment of the inferior belly of the omohyoid; the suprascapular nerve courses below it (Figure 2-9).


• The first rib should be mastered. The upper border is characteristically sharp. The stellate ganglion is anterior to the neck, and the vertebral artery ascends to the transverse process of C6, anterior to the ganglion. The point of attachment of the scalenus anterior should be clearly understood, because this separates the vein in front from the artery and lower trunk behind.


• The investing fascia of the neck splits to enclose the SCM, covers the posterior triangle, and splits to enclose the trapezius (Figure 2-10).


• The accessory nerve supplies the SCM and trapezius. Winding around the posterior border of the SCM are cutaneous branches of the cervical plexus. The transverse cervical and greater auricular nerves are excellent landmarks to both CN XI and C5 (Figures 2-11 and 2-12).


• There is a small triangular gap between the clavicular attachment of the SCM and the manubrial attachment. Immediately posterior to this interval is the termination of the internal jugular vein (Figure 2-13).


• The omohyoid consists of two bellies joined by an intermediate tendon. The tendon overlies the jugular vein, and the inferior belly runs parallel to the suprascapular nerve to the suprascapular notch (Figure 2-14).


• The root of the neck can be a difficult and frightening arena for the inexperienced surgeon. Any structure can be chosen by the surgeon as the key to understanding this region. We use the scalenus anterior for this purpose, because the surgeon can easily palpate the characteristic anterior surface of that muscle through fat and scar tissue (Figure 2-15).


• The scalenus anterior originates from the anterior tubercles and is inserted via a short tendon into the first rib. The phrenic nerve runs downward from lateral to medial on its anterior surface. Laterally, the spinal nerves and trunks of the brachial plexus are seen (Figure 2-16).


• The medial border of the scalenus anterior bounds a triangular space. The other borders are the subclavian artery and the lateral border of the longus colli. The contents of the space include the stellate ganglion, the vertebral artery, the thyrocervical vessels and their branches, the suprapleural membrane, and the pleura.


• The fascial planes should be clearly understood. The investing fascia, having split to enclose the SCM, roofs the posterior triangle and splits to enclose the trapezius. The prevertebral fascia covers the scalenus anterior, the subclavian artery, and the brachial plexus and continues into the axilla.








[image: image]

Figure 2-1 The five regions of the brachial plexus and their relation to the anterior tubercles, clavicle, and coronoid process.
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Figure 2-2 As the suprascapular nerve approaches the notch, the clavicle and scapula lie closer together, crowding the operative field.
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Figure 2-3 The divisions lie behind the clavicle, separating the trunks in the posterior triangle from the cords in the axilla. LC, Lateral cord; LT, lower trunk; MC, medial cord; MT, middle trunk; PC, posterior cord; UT, upper trunk.
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Figure 2-4 The roots, in the subarachnoid space, combine to form the spinal nerves, which run posterior to the vertebral artery.
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Figure 2-5 A narrow tendon attaches the scalenus anterior to the first rib, and a finger must be passed behind the tendon to ensure that the subclavian artery is free of that structure.
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Figure 2-6 A lateral view depicts the relationship of the relevant fascia and musculature to each other.
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Figure 2-7 Note the attachment points of the relevant depicted muscles onto the clavicle.
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Figure 2-8 On rare occasions, the clavicle is divided at surgery, using a Gigli saw. LC, Lateral cord; UT, upper trunk.
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Figure 2-9 This longitudinal view depicts the relationship of the upper, middle, and lower trunks of the brachial plexus to the scalenus anterior and medius and the subclavian artery.
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Figure 2-10 The plane in which the spinal nerves enter the posterior triangle is clearly seen. Note the phrenic nerve behind the prevertebral fascia. CN, Cranial nerve; SCM, sternocleidomastoid.
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Figure 2-11 The neck incision is made just lateral to the sternocleidomastoid (SCM) muscle.
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Figure 2-12 The phrenic nerve is isolated by dividing the fascia anterior to it, and the nerve is gently mobilized. The nerve is followed upward; it leads to the fifth cervical spinal nerve. The characteristic confluence of C5 and C6 forming the upper trunk comes into view.
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Figure 2-13 Division of the clavicular head of the SCM. The phrenic nerve can now be isolated and the inferior trunk exposed. SCM, Sternocleidomastoid.
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Figure 2-14 The intermediate tendon of the omohyoid is a convenient point at which the omohyoid can be encircled with a tape and retracted upward. MT, Middle trunk; UT, upper trunk.
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Figure 2-15 The space medial to the medial border of scalenus anterior and superior to the subclavian artery should be mastered. LT, Lower trunk; MT, middle trunk; UT, upper trunk.
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Figure 2-16 The vessels accompanying the phrenic nerve may mimic the nerve’s appearance in the dissecting room but are more easily identified at surgery. LT, Lower trunk; MT, middle trunk; UT, upper trunk.














Surgery







• The table is flexed at the patient’s waist so that the neck veins are not engorged. The chin is turned away from the operator. The neck is slightly extended. The surgeon may stand either on the side of the patient’s axilla or outside the deltoid. In either event, the patient’s shoulder must be free for shrugging or depressing during surgery, thus moving the clavicle if it is obstructing the surgeon’s view (Figure 2-17).


• The vertical limb of the skin incision follows the posterior border of the SCM. In the majority of cases, neither the cervical plexus nor CN XI is dissected, but the skin incision must be sufficiently high to view C5. The skin incision can be marked and draped for vertical extension, if more cephalad dissection is later required (Figure 2-11).


• The lower point of the vertical incision should be just above the clavicle. If it is anticipated that C8 and T1 will be dissected, the skin incision should be carried more medially before swinging laterally (Figure 2-11).


• The horizontal component of the incision is parallel to and above the clavicle and is then continued down over the cephalic vein (Figure 2-18).


• Once the skin and platysma have been incised, the fascia on the posterior border of the SCM is sharply incised, hard against the muscle (Figure 2-19).


• A fatty fibrous pad is then encountered. The surgeon palpates through this fat with the index finger, feeling the characteristic anterior surface of the scalenus anterior. This is an important step, because the novice tends to operate both too far laterally and too far superiorly and thus has difficulty finding the plexus (Figure 2-20).


• The surgeon knows that the phrenic nerve, in front of the scalenus anterior, is deep to the prevertebral fascia, so the fatty pad can be mobilized with dispatch, usually in an upward and lateral direction. Branches of the thyrocervical trunk will be encountered at several points in the dissection and should be divided if they get in the way (Figure 2-21).


• The external jugular vein may be retracted or divided if it is obstructive (Figure 2-22; see also Figure 2-21).


• The omohyoid is mobilized, and a sling is passed around the tendon. The muscle is drawn away from the field (usually upward).


• The phrenic nerve is accurately mobilized and gently tented forward as the surgeon dissects upward (throughout the operation, the surgeon must remain vigilant of the dissected phrenic nerve, so that inadvertent traction is not applied to this crucial structure while attention is focused elsewhere) (Figure 2-23). The phrenic nerve leads to the C5 spinal nerve (Figures 2-24 and 2-25).


• C5 enters the posterior triangle by running posterior to the scalenus anterior and anterior to the scalenus medius. No matter how dense the scar, the anterior tubercles can be palpated and C5 can be dissected at this point (Figure 2-26).


• On rare occasions, it may be necessary to nibble the anterior tubercle away and resect the slips of scalenus anterior, so as to completely dissect out the spinal nerve up to the intervertebral foramen. At this point, venous oozing is a nuisance and is controlled by judicious cautery and packing.


• The dorsal scapular nerve leaves C5 proximally. If stimulation of C5 results in levator scapulae contraction, the welcome inference is that axons are viable to at least that point and that grafts can be led from there, if necessary (see Figure 2-24).


• The long thoracic nerve forms within the substance of the scalenus medius. Tenting C6 and C7 gently forward will reveal that spinal nerve contribution leaving the posterior aspect of the spinal nerve (Figure 2-27).


• The confluence of C5 and C6 is a very reliable landmark. Together, C5 and C6 establish the plane, and C7, C8, and T1 can, in turn, be dissected (see Figure 2-26).


• If it is anticipated that C8 and T1 will be dissected, the surgeon must make the appropriate adjustment to the exposure. A finger is passed immediately behind the lateral attachment of the SCM to the clavicle, to ensure that the veins are not stuck to the deep surface of the muscle. The lateral one and a half inches of the SCM are detached from the clavicle, leaving a small cuff for subsequent reapproximation (see Figure 2-13).


• After the dissected phrenic nerve is gently displaced and preserved, an instrument is passed behind the inferior attachment of the scalenus anterior and the muscle is divided horizontally. The severed ends spring apart and small bleeders are dealt with. This muscle is not resutured at the end of the operation.


• The upper trunk and suprascapular nerve are dissected laterally. The length of the upper trunk is variable, and it terminates into anterior and posterior divisions (see Figures 2-7 and 2-27).


• The middle trunk is a continuation of C7 and can also be dissected to its divisions (Figures 2-28 and 2-29).


• The surgeon sweeps the pad of the index finger backward and medially along the upper border of the first rib. This pushes the suprapleural membrane and pleura away. In front of the neck of the first rib, the stellate ganglion is palpated.


• If the pleura is inadvertently breached, a catheter is passed through the rent, a purse-string suture is placed in the pleura, the anesthetist performs a Valsalva maneuver on the patient, and the catheter is withdrawn as the purse string is closed.


• A vein retractor or an encircling sponge pulls directly on the clavicle, and an assistant pulls the arm down to depress the clavicle (Figure 2-30; see also Figure 2-28).


• The subclavian artery is gently pulled forward and down, displaying the thyrocervical trunk. Usually, this vessel or its branches tether the subclavian artery; therefore the thyrocervical trunk is divided, allowing mobilization of the subclavian artery, to view the lower trunk of the plexus. The vertebral artery is identified and protected.


• These maneuvers allow clear access to C8 and T1, which embrace the neck of the first rib to form the lower trunk. The lower trunk, on occasion, is tucked behind the artery and difficult to dissect. If this is an important part of the dissection in a particular patient, an infraclavicular dissection is needed (Figure 2-31).


• An inch and a half of the lateral origin of the pectoralis major is divided from the clavicle. The clavipectoral fascia (between the clavicle and pectoralis minor) is incised and the medial cord/lower trunk is dissected.


• If the wound suddenly fills with chyle, the offending leaking structures should be meticulously closed, usually by bipolar coagulation, before proceeding with the operation. Close to their confluence with the venous system, the thoracic and other lymph ducts may appear venous because of reflux of blood into the lymph duct (Figure 2-32).


• Wound closure should be particularly meticulous, as platysma contraction may cause gaping scars.
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