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Steven Green, MD, Guest Editor


“There is a general tendency to curtail progressively the time allotted to the teaching of anatomy in the medical schools, but the need for anatomy is greater than ever. It is essential in surgery, where an adequate knowledge of structure could have eliminated inadequate operations performed in the past and those still being performed.”

This quote from Emanuel Kaplan, MD in his introduction to his classic book “Functional and Surgical Anatomy of the Hand” is more true today than when first published in 1953. During the more than 30 years of mentoring medical students, residents, and postgraduate hand fellows, I remain impressed with their lack of knowledge and confusion concerning the structure and function of the intrinsic muscles of the hand and the methods of evaluation and treatment of the various disorders that affect these critical muscles. The purpose of this issue of the Hand Clinics is to provide a comprehensive review of the intrinsic muscles, their structural and functional anatomy, the effect of their dysfunction, and the various methods that can be used for rehabilitation.

All of the authors of this monograph are members of the Kaplan Hand Club, comprising hand surgeons associated with the NYU-Hospital for Joint Diseases because of either their postgraduate training in the Division of Hand Surgery or their activity on the teaching faculty. This issue is dedicated to three brilliant surgeons who have served as chiefs of Hand Surgery at this hospital. The first is Emanuel Kaplan, who was the first hand surgeon at HJD. He was a dedicated comparative anatomist, teacher, and surgeon. Besides his famous book mentioned above, he also translated another classic: “Physiology of Motion,” written by Duchenne in 1866. Richard Smith succeeded Dr Kaplan and was also a superb teacher, surgeon, and author. His publications about the anatomy, function, and disorders of the intrinsic muscles remain unrivaled classics. Sadly his book on tendon transfers is no longer in print. Our present chief is Martin Posner and was my first teacher of Hand Surgery and has been my office mate, great friend, and fishing buddy for more than 30 years. He has been responsible for training 83 fellows and countless residents. Like his predecessors, he is internationally known for his insight, comprehensive knowledge, masterful teaching, and technical skill.

It is my hope that the readers of this issue of the Hand Clinics will obtain a greater understanding of the unique and complex function of the intrinsics and will find themselves better prepared to evaluate and treat disabilities caused by disorders of these muscles.
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Abstract

The four thenar muscles make up the intrinsic muscles of the thumb. They include the abductor pollicis, adductor pollicis, opponens pollicis, and flexor pollicis brevis. Thumb motion is facilitated through the coordination of these intrinsic muscles. The thumb musculature dynamically allows for precision pinching ad power gripping.
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On the length, strength, free lateral motion, and perfect mobility of the thumb, depends the power of the human hand. Without the fleshy ball of the thumb, the power of the fingers would avail nothing; and accordingly the large ball, formed by the muscles of the thumb, is the distinguishing character of the human hand

—Charles Bell1

The hand is an important functioning organ requiring rest and performing the greatest part of activities, including locomotion, if need be. The function of the entire upper extremity is to position the hand in space. The arm and forearm position the hand so that we can perform essential tasks. In all its spatial locations, the hand not only grasps and releases various objects but transports them as well. Moreover, through the hand, as through sight and hearing, we form a conception of the outside world. It is truly the extension of our brain into the surrounding world; it is the mirror of our innermost response to the outside world…The most characteristic features of the human hand are the comparative length of the thumb. The longer thumb of humans permits better opposition.

—Emmnuel B. Kaplan and Morton Spinner2



It is in the motion and function of the thumb that the thenar muscles play their anatomic role. There are four intrinsic muscles of the thumb: abductor pollicis brevis (APB), opponens pollicis (OPP), flexor pollicis brevis (FPB), and adductor pollicis (ADD). Three of these muscles, APB, OPP, and FPB, form the fleshy mass at the radial border of the palm. Most of the thenar muscles originate partly from the transverse carpal ligament. Their insertions are primarily on the base of the thumb proximal phalanx, except for the opponens, which inserts on the first metacarpal (Figs. 1-4, Table 1).


[image: image]
Fig. 1 Palmar superficial exposure of the intrinsic muscles of the hand. The transverse carpal ligament (TCL) serves as an origin for the flexor digiti minimi (2), the FPB (4), and the APB (5). Abductor digiti minimi (1). Lumbrical muscle (asterisk). The ADD (3) is seen deep to the thenar musculature, its broad origin along the volar radial margin of the long finger metacarpal.

(From Leversedge F, Goldfarb C, Boyer M. Hand. In: A pocket manual of hand and upper extremity primus manus. Philadelphia: Wolters Kluwer Lippincott Williams & Wilkins; 2010. p. 28; with permission.)




[image: image]
Fig. 2 Palmar view of the thenar musculature. The APB and the FPB muscles originate from the transverse carpal ligament. The FPB origin is more distal than that of the APB. The flexor pollicis longus tendon (f) emerges from the interval between the deeper ADD and the FPB or APB.

(From Leversedge F, Goldfarb C, Boyer M. Hand. In: A pocket manual of hand and upper extremity primus manus. Philadelphia: Wolters Kluwer Lippincott Williams & Wilkins; 2010. p. 28; with permission.)
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Fig. 3 Palmar view of the deep thenar musculature relationships with reflection of the FPB and APB muscles. The OPP originates from the transverse carpal ligament (TCL), the trapezium, and the thumb carpometacarpal joint capsule and inserts into the volar-radial distal thumb metacarpal. Flexor pollicis longus tendon (asterisk). ADD. Lumbrical to the index (L).

(From Leversedge F, Goldfarb C, Boyer M. Hand. In: A pocket manual of hand and upper extremity primus manus. Philadelphia: Wolters Kluwer Lippincott Williams & Wilkins; 2010. p. 29; with permission.)




[image: image]
Fig. 4 Origin (red) and insertions (blue) of thenar muscles. ADM, abductor digiti minimi; AdP, adductor pollicis; AdP (obl. Hd.), adductor pollicis oblique head; AdP (trans. hd.), adductor pollicis transverse head; APB, abductor pollicis brevis; APL, abductor pollicis longus; FCR, flexor carpi radialis; FCU, flexor carpi ulnaris; FDM, flexor digit minimi; FDP, flexor digitorum profundus; FDS, flexor digitorum superficialis; FPB (obl. hd.), flexor pollicis brevis oblique head; FPL, flexor pollicis longus; ODM, opponens digiti minimi; OP, opponens pollicis; PL, palmaris longus.

(From Botte MJ. Muscle anatomy. In: Doyle JR, Botte MJ, editors. Surgical anatomy of the hand and upper extremity. Philadelphia: Lippincott Williams & Wilkins; 2003. p. 112; with permission.)




Table 1 Summary of thenar muscle anatomy and function
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Functional movements of the thumb

To fully appreciate the actions of the thenar muscles, the complex motions of the thumb must be understood. Thumb motion is facilitated through the coordination of intrinsic thenar and extrinsic musculature. The thumb musculature dynamically allows for precision pinching and power gripping. Because thumb stability is actively maintained by muscles rather than by articular constraints, most muscles attached to the thumb tend to be active during most thumb motions.3

The opposable thumb is indispensible to man. “The important function of the thumb is its movement in opposition to the index finger, and to the other fingers.”4 A thumb in true opposition is not only opposite the fingers, but it is far forward from them and is rotated, so the pulp faces the fingers and nail parallels the palm.5 Opposition is a rotational movement of the first metacarpal around the long axis of its shaft. The motion of opposition “consists of rotation of the volar surface of the thumb so that from a normal position of rest, perpendicular to the transverse plane of the hand, it is able to face the volar surface of the fingers after pulling out completely (abduction) from the surface of the palm. Thus, it produces a rotatory motion from the 90° of rest to 180° parallel with the transverse plane of the hand.”3 Opposition involves the combined motions of flexion, pronation, and palmer abduction of the thumb metacarpal. Reposition, the opposite of opposition, involves, extension, supination, and adduction of the thumb metacarpal.

Abduction is moving the thumb anterior to, or away from, the palm. Adduction is the motion bringing the thumb metacarpal toward the second metacarpal, in the plane of the palm. Flexion is the action of moving the thumb in an ulnar direction within the plane of the palm. The thumb, therefore, can be flexed in full abduction, full adduction, or anywhere in between. Extension is the opposite motion of flexion.




Anatomy

The most important functional determinant of a muscle is its architecture, the arrangement of muscle fibers relative to the axis of force generation.6 Muscle excursion is directly proportional to muscle fiber length. The force generated by a muscle is directly proportional to its cross-sectional area. Several investigators have studied the various physiologic properties of the thenar muscles and a summary of their findings is found in Tables 2-4.6,7


Table 2 Muscle area and force

[image: image]



Table 3 Muscle contraction and work capacity
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Table 4 Architectural properties measured
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Despite their small size, the intrinsic muscles are very efficient because of their direct line of pull between origin and insertion.8 The actions of muscles are determined by their insertions, the course and direction of their tendons, and their relation to the joints and ligaments. To appreciate the function of a muscle, the details of its anatomy must be understood.9


The APB

Abductor means “to draw away from.” It is derived from the Latin ab, meaning “away from,” and ducere, meaning “to draw.” The word pollicis for thumb is derived from pollex, thumb (see Figs. 1-4, Table 1).10-12 The APB is a subcutaneous muscle on the proximolateral aspect of the thenar eminence.10,13-16 The APB lies radial to the FPB in the superficial aspect of the thenar eminence. The APB provides the shape and contour of the radial side of the thenar eminence.10 It arises primarily from the transverse carpal ligament, with some fibers arising from the scaphoid tubercle, trapezium, and the tendon of the abductor pollicis longus.10,13,17-19 The muscle is divided into two lamellae.14 By way of a thin flat tendon, its medial, or deep, fibers insert onto the radial base of the thumb proximal phalanx, as well as to the lateral side of the capsule of the metacarpophalangeal joint (MCPJ), and the radial sesamoid.4,13,17,18 Its fibers blend with those of the adjacent FPB.13,15,20 The superficial lateral fibers insert into the aponeurosis of the extensor pollicis longus.

The abductor APB is innervated by the recurrent branch of the median nerve (95%) or ulnar nerve (2.5%) or by dual innervation (2%).17,18,21,22 The median nerve branch enters the deep aspect of the muscle in its middle third and can have several different branching patterns.14,23,24 The vascular supply of the APB is from the superficial palmer branch of the radial artery, which arises from the radial artery at the level of the radial styloid, and often by a separate and discreet branch arising directly from the radial artery as it lies on the radial border of the thumb.13-15

Anomalies of the APB include the muscle having additional heads, varying attachments to the radial styloid, ADD, OPP, palmaris longus, extensor carpi radialis longus, or flexor pollicis longus.10,14,16

The primary function of the APB is the abduction and flexion of the thumb metacarpal, performing the action of pulling the thumb away from the palm at a right angle to the palm of the hand. In addition, the muscle functions to extend the thumb interphalangeal joint, through its extensor pollicis longus insertions, and ulnarly deviates the MCPJ.10,13,17,18

The APB produces abduction and flexion of the metacarpal, slight flexion of the proximal phalanx, and extension of the distal phalanx; pronation of the entire thumb occurring through the CMC joint is simultaneous with flexion of the thumb metacarpal. These actions produce opposition.9,10,14,16 “The APB alone is able to produce excellent opposition of the thumb, and it is the most important muscle of the thenar group. By virtue of its insertion into the base of the proximal phalanx and into the long extensor, this muscle can stabilize the MCPJ in abduction, flexion, and pronation and can assist extension of the terminal phalanx, -the essential functional components of opposition.”25 This action is enhanced with the help of the OPP.9




The OPP

The term opponens is Latin for the action of movement against or toward an opposing structure (see Figs. 3 and 4, Table 1).10-12 The OPP is a short, thick, triangular sheet of muscle that lies beneath the abductor pollicis brevis. It originates from the carpometacarpal joint capsule, the tubercle of the trapezium, and the transverse carpal ligament. It fans out to insert on the volar radial length of the thumb metacarpal. The vascular supply of the muscle is via the superficial palmar branch of the radial artery; branches from the first palmar metacarpal artery, princeps pollicis, and radialis indicis arteries; and the deep palmar arch.13-15,17-19

Innervation patterns for the OPP show significant variability. It is innervated by the recurrent branch of the median nerve (83%) or ulnar nerve (9%) or by dual median and ulnar innervation (7.5%).17,18,21,22,26 Forrest27 found that the OPP is innervated by the median nerve exclusively in 20 out of 25 hands and that dual innervation with the median and ulnar nerves occurs in 5 out of 25 hands. Harness and colleagues28 found dual innervation in 77% of their patients, whereas 23% had innervation only from the median nerve. Anomalies of the OPP include coalescence with the FPB, extra heads of the muscle, and (rarely) complete absence.14

The OPP flexes and pronates the thumb metacarpal.16-18 The OPP “initiates the movement of opposition at the level of the first metacarpal.”29 The OPP enhances the work of opposition of the APB.9




The FPB

The Latin term flexor means “that which bends,” derived from flexus, “bent” (see Figs. 2-4, Table 1).10-12 The FPB has two heads, a superficial (lateral), and a deep (medial). The superficial head originates from the tubercle of the trapezium and transverse carpal ligament, passing radially to the tendon of the flexor pollicis longus. Its tendon inserts on the radial base of the thumb proximal phalanx. Embedded in the tendon is the radial sesamoid bone. The smaller deep head arises from the trapezoid, capitate, and from the volar ligaments of the distal carpal row. The deep head of the FPB passes deep to the tendon of the flexor pollicis longus to insert onto the radial sesamoid and the base of the proximal phalanx.13-15,17-19 An expansion of the tendon inserts onto the dorsal apparatus of the thumb.4 The recurrent motor branch of the median nerve crosses the FPB. The vascular supply of the muscle is from the superficial palmar branch of the radial artery and from branches of the princeps pollicis and radialis indicis arteries.10,13-15

Innervation of the FPB can be quite variable. Both heads of the muscle may be innervated by either the median or ulnar nerve, both heads may be innervated by the median nerve alone or by the ulnar nerve exclusively, or both heads may be dually innervated.21,22,26,27,30 The superficial head is usually innervated by the recurrent branch of the median nerve (60%), whereas the deep head is commonly innervated by the deep motor branch of the ulnar nerve.8 In their cadaveric dissections, Day and Napier22 found that the superficial head was supplied by the median nerve in 24 out of 30 dissections, and that the deep head was supplied by the ulnar nerve in 21 of 24 dissections. Forrest27 found dual innervation of the superficial head in 17 out of 25 of the hands tested electromyographically. Connections between the median and ulnar nerves have been described to account for variations in innervation patterns. The Cannieu-Riche anastomosis, or the thenar ansa, is a nerve branch between the deep motor branch of the ulnar nerve and the recurrent motor branch of the median nerve that travels radially around the tendon of the flexor pollicis longus.21,26,30 This connection has been described as occurring in up to 77% of dissections.30

Anomalies of the FPB have been described, including the absence of the deep head.22 Blending of the superficial head of the FPB with OPP has been described. In addition, Bergman and Tountas14 have described an accessory deep head or fascicle of the FPB arising from the ulnar aspect of the thumb metacarpal that inserts onto the ulnar base of the proximal phalanx.

The primary action of the FPB is to flex the thumb MCPJ. Additional actions include extension of the distal phalanx and pronation of the thumb metacarpal.9,16-18




The ADD

Adducere is the Latin derivation of the term adductor; its meaning is “to draw toward” (see Figs. 2-4; Fig. 5, see Table 1).10-12 The ADD consists of two heads, an oblique and transverse head. The oblique head originates from the capitate, the bases of the second and third metacarpals, the volar intercarpal ligaments, and the sheath of the flexor carpi radialis tendon. Most of the fibers converge to unite with the tendons of the FPB (deep head) and the transverse head of the ADD to insert on the ulnar base of the thumb proximal phalanx and the dorsal extensor apparatus. A sesamoid bone is present in the tendon.10,13,15-19 A second group of fibers coalesce beneath the tendon of the flexor pollicis longus to join the FPB (deep head) and abductor pollicis brevis. This second group of fibers has been called the “deep head” of the FPB.13 The ADD transverse head is a triangular muscle arising from a broad base, from the distal two-thirds of the volar base of the third metacarpal. Its fibers join to insert, with the FPB and ADD oblique head, on the ulnar side of the base of the thumb proximal phalanx.10,13


[image: image]
Fig. 5 Course of the deep motor branch of the ulnar nerve (UN). Motor innervation includes (1) abductor digiti minimi (ADM), flexor digiti minimi (asterisk), opponens digiti minimi (ODM); (3) interossei muscles; (4) ADD muscle (reflected proximally) and FPB muscle (not shown); and (5) first dorsal interosseous muscle.

(From Leversedge F, Goldfarb C, Boyer M. Neuroanatomy. In: A pocket manual of hand and upper extremity primus manus. Philadelphia: Wolters Kluwer Lippincott Williams & Wilkins; 2010. p. 97; with permission.)



The deep palmer arch and the deep motor branch of the ulnar nerve pass between the two heads of the ADD muscle.10,13,15-19 The first dorsal interosseous muscle lays on the dorsum of the ADD and, together, these two muscles provide the mass of the first web space.13 Volarly, the muscle is crossed by the index finger flexor tendons and the first lumbrical. The princeps pollicis, radialis indicis arteries (occasionally combined as the first palmer metacarpal artery), and branches from the deep palmar arch provide the blood supply for the ADD.13-15

The ADD is primarily innervated by the deep motor branch of the ulnar nerve (see Fig. 5). Rowntree21 demonstrated that in 2% of cases all the thenar muscles, including the ADD, were innervated only by the median nerve.

The ADD’s primary action is adduction of the thumb metacarpal. The muscle also extends the thumb interphalangeal joint via its insertion onto the dorsal apparatus of the thumb.






Summary

The functional mobility of the thumb, especially in its action of opposition, is a uniquely human quality. The mobility, strength, and function of the thumb are greatly affected by the actions of the intrinsic muscles of the thumb. These highly specialized muscles, with their variable innervation patterns, help to make the human hand one of the true wonders of the natural world.
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Abstract

The interosseous muscles of the hand can be thought of as the cornerstone of hand function, as they provide a “foundation” for all intrinsic and extrinsic hand movements. Innervated by the ulnar nerve and organized in dorsal and palmar layers, these pivotal muscles have small excursion yet great impact on finger balance, grip, and pinch function, particularly when impaired by denervation and/or contracture. This article gives an overview of the functional anatomy and pathologic dysfunction of the interosseous muscles within the context of this Hand Clinics issue on the intrinsic muscular function of the hand.
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The interosseous muscles of the hand can be thought of as the cornerstone of hand function, as they provide a “foundation” for all intrinsic and extrinsic hand movements. Innervated by the ulnar nerve and organized in dorsal and palmar layers, these pivotal muscles have small excursion yet great impact on finger balance, grip, and pinch function, particularly when impaired by denervation and/or contracture. This article gives an overview of the functional anatomy and pathologic dysfunction of the interosseous muscles within the context of this Hand Clinics issue on the intrinsic muscular function of the hand.


Anatomy

Remembering the actions of the interosseous muscles of the hand with the often-used pneumonic, “PAd” and “DAb,” is an accurate yet not a comprehensive way to understand their function. It is true that the 3 palmar interossei adduct and the 4 dorsal ones abduct the fingers from the midline of the hand; however, an understanding of the anatomy demonstrates how the insertions and actions of both sets of muscles synergize to provide the foundation for hand posture and hand function.

A comparative analysis of dorsal and palmar groups is a more productive approach to comprehensive understanding of both normal and pathologic function. All of the interossei originate from cortical surfaces of the metacarpal shafts. The palmar muscles originate from the ulnar side of the first and second metacarpals, and the radial side of the fourth and fifth metacarpals (they are therefore all unipenate), positioning each of them for adduction of the fingers (Fig. 1C, D). Positioned for finger abduction, the origin of the dorsal group is from opposite surfaces of adjacent metacarpal shafts (see Fig. 1A, B), and they are therefore bipenate.


[image: image]
Fig. 1 Intrinsic muscles, tendons, and ligaments of the hand. Anatomy of the right wrist and hand. (A) Posterior (dorsal) view. (B) Posterior view of the bones of the right hand, showing the origins and insertions of selected muscles. (C) Anterior view of the bones of the right hand, showing the origins and insertions of selected muscles. (D) Anterior (palmar) view. (E) Right hand, transverse sectional view through metacarpal bones.

([A–E] From Martini FH, Timmons MJ, Tallisch RB. Human anatomy. 7th ed. Pearson Education; 2011; with permission.)



The similarities of the insertion points of most of the interossei define a critical role in the delicate balance of finger function. All 3 palmar interosseous muscles have insertions distal to the metacarpophalangeal (MP) joint, into the extensor expansion of the finger on which it exerts its function. With the exception of the first dorsal interosseous (whose insertion is only into bone), the dorsal interossei typically (but not universally) have both a bony insertion into the base of a proximal phalanx (a tubercle anterior to the axis of MP flexion) and a soft tissue insertion into the extensor aponeurosis. In concert with the lumbricals, therefore, the interossei are key intrinsic balancers of the fingers, acting as flexors of the MP joints, and extensors of the interphalangeal (IP) joints. Their rigid bony origin from the metacarpal shafts distinguishes them from lumbricals muscles, rooting them as ideal mechanical static and active stabilizers of the fingers. Their dynamic actions position and stabilize the hand in the “intrinsic plus” or “figure of 7” position. Their isometric action stabilizes the fingers throughout their dynamic movements. Interosseous muscle action and static posture seem to be the “foundation” for all practical and efficient hand function against which the extrinsic flexors and extensors are balanced.

The conjoined insertions of the interossei into the bone of the proximal phalanges and the extensor aponeurosis give these muscles antagonistic advantage in balancing the larger excursions of the extrinsic flexors and extensors of the digits, therefore optimizing the action of integrated finger flexion and extension. Rules often have
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APB Trapezium, Lateral base thumb  Abduction, Median nerve.
Scaphoid proximal phalanx,  Opposition 8T
extensor mechanism
opp Trapezium Anterolateral fist  Pronation Median nerve.
metacarpal 8T
FPB Superficial Transverse carpal Lateral base thumb  Flexion of Median nerve.

Head ligament, proximal phalanx Metacarpophalangeal C8-T1
Trapezium joint

FPB Deep head Second Lateral base thumb  Flexion of Ulnar nerve.
metacarpal proximal phalanx Metacarpophalangeal C8-T1

joint

ADD Oblique  Capitate, Second Medial base thumb  Adduction Ulnar nerve.

Head or third proximal phalanx 8Tl
metacarpals

ADD Transverse Distal half Medial base thumb  Adduction Ulnar nerve.

Head third proximal phalanx 8T

metacarpal
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FPB 2.58 4 0.56 572437 415452 0.66 + 0.20 0.73 + 0.08
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Data from Jacobson MD, Raab R, Fazeli BM, et . Architectural design of the human intrinsic hand muscles. J Hand Surg
Am 1992:17-806.
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Musde (mm) Deviation _kilogram)
APB 40.60 10.48 0.52
OoPP 21.70 6.52 0.40
EPB 41.90 11.8 0.49
ADD 40.40 5.91 15

Data from Fahrer M. The thenar eminence: an introduc-
tion. In: Tubiana R, editor. The hand. Philadelphia: W.B.

saunders; 1981. p. 258.
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Muscle _Surfaces (cm?) __De: n__(kg)

APB 1.30 .62 13

oPP 1.92 0.85 192
EPB 1.18 .54 118
ADD 373 1.21 37.3

Data from Fahrer M. The thenar eminence: an introduc
tion. In: Tubiana R, editor. The hand. Philadelphia: W.B.
saunders; 1981. p. 257.
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