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CLINICAL ANATOMY OF THE
WRIST AND ELBOW

Bruce D. Steinberg, MD, and Kevin D. Plancher, MD, MS

This article discusses the pertinent anatomy of the wrist and
elbow, emphasizing those areas most relevant for clinical diagnosis
and treatment. Areas covered include osteology, kinematics, ligamen-
tous constraints, and subcutaneous neurovascular anatomy. For more
anatomic detail, it is suggested the reader consult a standard anatomy
textbook.

WRIST

The wrist is an anatomic linkage bridging the hand to the forearm.
Eight bones of the carpus and the distal ends of the radius and ulna
form a complex articulation that allows 3 deg of freedom. The hand,
relative to the forearm, can flex and extend, pronate and supinate, and
can also deviate radially and ulnarly. In order to have such mobility
while also maintaining relative stability, the wrist has a complex config-
uration of ligaments linking the bones. Malfunction of the wrist occurs
when the structural alignment of the bones has changed (i.e., distal
radius malunion) or when the ligamentous constraints have been dis-
rupted (i.e., perilunate dislocation).

The distal radius articular surface is biconcave and covered with
hyaline cartilage and has two facets divided by a smooth anteroposterior
ridge. The lateral scaphoid facet is triangular, whereas the ulnar lunate
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facet is quadrilateral.® The articular surface has an 11-deg palmar tilt
and a 20-deg radial to ulnar inclination.> '® The radius forms a concave
articulation with a convex semicircular ulnar head. With supination and
pronation the radius rotates about the stationary ulna.

The distal ulna, however, does not articulate with the carpus. A
cushion called the triangular fibrocartilage complex (TFCC) arising from
the lunate fossa of the radius covers the distal ulna and inserts distally
into the triquetrum, hamate, and the base of the fifth metacarpal. The
TFCC acts as a sling for the ulnar aspect of the carpus while also
providing stabilization of the distal radioulnar joint (Fig. 1). Palmer has
shown that in a neutral position, 60% of the total axial force across the
wrist is transmitted through the radius. Removal of the TFCC results in
redistribution of the axial load with 95% transmitted through the radius
and only 5% through the ulna. Palmer also found that instability of the
distal radioulnar joint only occurred after sectioning the attachment of
the TFCC to the radius. Sectioning of the pronator quadratus and the
distal radioulnar joint capsule did not lead to instability.?

The ulnar aspect of the wrist is stabilized by a combination of
three structures: the meniscus homologue of the triangular fibrocartilage
complex, the ulnar collateral ligament, and the infratendinous retinacu-
lum of the sixth dorsal compartment.® 3
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Figure 1. Distal radius and the TFCC seen as a sling for the uinar aspect of the carpus.
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Carpal Bone Kinematics

The osseous linkage between the forearm (radius-triangular fibro-
cartilage) and bones of the hand (metacarpals) occurs through the eight
bones of the wrist (Fig. 2). The articulation of the distal carpal row
(trapezium, trapezoid, capitate, hamate) to the metacarpals is extremely
stable and the mobility of the wrist, for the most part, occurs in the
proximal carpal row (scaphoid, lunate, and triquetrum). After careful
kinematic analysis of the wrist, Ruby and colleagues,” concluded that
the proximal row functions as a variable geometric intercalated segment
between the distal row and the radius-triangular fibrocartilage. The
variable geometry is exemplified by the motions of the wrist in radial
and ulnar deviation. In radial deviation the proximal row of the carpus
palmar flexes, with the scaphoid and lunate palmar flexing, while the
triquetrum moves proximally in relation to the hamate. In ulnar devia-
tion, the proximal row dorsiflexes, with the scaphoid and lunate effec-
tively lengthening by rotating dorsally while the triquetrum moves
distal in relation to the hamate (Fig. 3).3' These carpal bone motions
require a specific interaction of osseous architecture and soft tissue
ligamentous constraints.?

The scaphoid, for example, is the bridge across the lunocapitate
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Figure 2. Osteology of the bones (eight carpal bones seen).
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Figure 3. In radial deviation, A, the proximal row is palmar flexed. Scaphoid appears
foreshortened, lunate triangular in shape, and triquetrum proximal in relation to the hamate.
In ulnar deviation, B, proximal row is dorsiflexed. Scaphoid appears elongated, lunate
shape is trapezoidal, triquetrum is distal in relation to the hamate. (From Talesnick J:
The bones of the wrist. In The Wrist. New York, Churchill Livingstone, 1985, p 8; with
permission.)

(midcarpal) joint, linking the proximal and distal rows of the carpus.
Most of the surface of the scaphoid is covered by hyaline cartilage
for articulation with the radius, trapezium, trapezoid, lunate, and the
capitate.” The shape of the scaphoid is closer to a cashew nut than a
boat, for which its name is derived (scaphe: Greek for “dug out, trough,
or boat”).’® The lunate bone along with the scaphoid forms a concave
semilunar articulation with a convex head of the capitate.

On the medial side of the proximal row, the triquetrum articulates
with the hamate with a helicoidal-shaped facet.? As the proximal row
of the carpus extends, with ulnar deviation, “the triquetrum glides
distally on the hamate as if descending a spiral staircase.”*

The capitate is the largest carpal bone and occupies the center of
the carpus. It articulates with the second, third, and fourth metacarpals
distally, the trapezoid laterally, the hamate medially, and scaphoid-
lunate proximally.” Youm and colleagues® found that the center of
rotation of the wrist in both flexion and extension, and radial and ulnar
deviation is within the head of the capitate. Another interesting finding
is that the carpal height or distance from the third metacarpal to the
radius is always a constant length in a normal wrist no matter the
position of the wrist in radial or ulnar deviation. The average ratio of
the carpal height length to the length of the third metacarpal was 0.54
with a standard deviation of +.03.3
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Ligaments of the Wrist

In addition to the osseous architecture, carpal stability is maintained
by the complex contiguration of ligaments linking the bones both dor-
sally and palmarly. The stronger palmar ligaments of the wrist are
divided into two groups, intrinsic ligaments that originate and insert on
carpal bones and extrinsic ligaments which cross between the carpal
bones and the radius or metacarpals (Fig. 4A4).%

The scapholunate interosseous ligament is one of the key intrinsic
ligaments of the wrist and has been studied extensively (Fig. 4B). The
scapholunate interosseous ligament (SLL) is among the most frequently
injured wrist ligaments and is associated with a number of important
clinical disorders (i.e., SLL diastasis and carpal instability). Logan and
colleagues have found that the yield strength of the palmar SLL was
approximately twice that of the dorsal SLL." 2 This anatomic finding
may explain why ganglions arising from the scapholunate joint occur
dorsally” and rarely palmarly. The dorsal extrinsic ligaments are thin,
few in number, and are functionally and structurally reinforced by the
floor and septi of the fibrous tunnels through which the extensor tendons
pass.”” The extrinsic palmar ligaments (Fig. 4A) form two inverted V-
shaped ligamentous complexes. The capitate is the apex distally, and
the lunate is the apex proximally.* The space between these two com-
plexes forms an inherently weak area filled with synovial out-pouching
overlying the capitolunate joint, called the Space of Poirier.”

The palmar extrinsic ligaments which arise from the radius help to
control the kinematics of the wrist and particularly the scaphoid. The
radioscaphocapitate ligament acts as a sling at the waist of the scaphoid.
Taleisnick® has pointed out that the scaphoid rotates on this ligament
as a gymnast balances on a horizontal bar while executing a hip circle
(Fig. 5). The strongest palmar extrinsic ligament, the radiolunate liga-
ment,"* is particularly important in scaphoid rotation and is tense at the
extremes of wrist motion (Fig. 4B).% 3

On the ulnar aspect of the wrist, the triquetrum is the point of
convergence of the ulnocarpal meniscus homologue, the palmar radio-
lunotriquetral ligament, the capitotriquetral ligament and the dorsal
intercarpal ligament. These ligaments act together to control the motion
on the triquetrum as it moves on a helicoidal articulation with the
hamate, proximally in radial deviation and distally in ulnar devia-
tion‘fio, 3135

Subcutaneous Anatomy

In any open surgical or arthroscopic approach to the wrist, the
surgeon must be aware of the anatomic location of neurovascular struc-
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Figure 4. A, Extrinsic and intrinsic palmar ligaments of the wrist. The space of Poirier well
seen. B, The anatomy of the scapholunate interosseous ligament.
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Figure 5. Radioscaphocapitate
ligament (RSC). Palmar half, co-
ronal section; obliquely across
waist of scaphoid (S); R, Radius;
L, Lunate; T, Trapezium. (From
Talesnick J: The ligaments of the
wrist. /n The Wrist. New York,
Churchill Livingstone, 1985, p 27;
with permission.)

/

tures. The superficial branch of the radial nerve (SBRN), the lateral
antebrachial cutaneous nerve (LABCN), the dorsal sensory branch of the
ulnar nerve (DSBUN), and the palmar cutaneous branch of the median
nerve (PCBMN) are particularly at risk of injury during operative proce-
dures on the wrist. On the radial aspect of the forearm the superficial
branch of the radial nerve (SBRN) enters the subcutaneous tissue a mean
9.0 cm proximal to the radial styloid between the brachioradialis and
the extensor carpi radialis longus.! The SBRN bifurcates a mean distance
of 4.2 cm proximal to Lister’s Tubercle. The dorsal branch crosses distally
and bifurcates again a mean distance of 0.4 cm proximal to Lister’s
Tubercle® MacKinnon and colleagues®™ found that the LABCN over-
lapped the SBRN completely in 38% of their specimens.

Steinberg and coworkers (Fig. 6) define a trapezoidal safe zone deep
to the LABCN, where the mean distance from the radial styloid to the
radial artery is 7.5 mm and the mean square area of the safe zone is
0.68 cm**

The DSBUN arises 5 to 8 cm proximal to the ulnar styloid. The
nerve exits under cover of the flexor carpi ulnaris where it runs dorsally
to course around the ulna, piercing deep fascia and intervating the
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Figure 6. Demonstration of the safe zone for percutaneous pinning of the radial side of
the wrist.

dorsal ulna aspect of the hand.* > ™ Lourie and colleagues found a
transverse radioulnar branch arising from the DSBUN. The nerve had
two patterns: type I arose 1.3 cm proximal to the ulnar styloid and type
IT 0.5 cm distal to the styloid (Fig. 7).1%

The PCBMN arises approximately 5 cm proximal to the wrist crease
and then attaches itself to the undersurface of the antebrachial fascia
immediately under the ulnar margin of the flexor carpi radialis tendon.
The nerve then enters the palm in a tunnel between the superficial and
deep layers of the transverse carpal ligament dividing into branches that
innervate the base of the thenar eminence and the skin immediately
radial to the axis of the fourth ray in the palm.

Understanding recent investigations coupled with a basic under-
standing of the intricate anatomy of the wrist will allow for safe passage
in and out of the wrist during surgery.

ELBOW

The elbow is an anatomic linkage bridging the shoulder to the hand,
acting both to enhance flexibility in hand placement and to transmit and
absorb generated forces. The elbow has 2 deg of freedom (supination-
pronation and flexion-extension). The circular radial head and spheric
capitellum articulation allows pronation and supination, while a “tongue
and groove” articulation of the humeral ulnar joint creates a very stable
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Figure 7. The transverse radioulnar sensory branch. A, Type 1 presentation; B, Type 2
recurrent presentation. (From Lourie GM, King J, Kleinman WB: The transverse radioulnar
branch from the dorsal sensory ulnar nerve: Its clinical and anatomical significance further
defined. J Hand Surg 19A:243, 1994; with permission.)

configuration allowing flexion-extension.* * *2' The axis of rotation for
pronation-supination is the center of the radial head, whereas the axis
of rotation for flexion-extension is a line passing through the center of
the trochlea.”!

The lateral epicondyle, medial epicondyle, and olecranon are easily
palpable landmarks of the elbow (Fig. 8). These three structures form an
inverted triangle when the elbow is flexed 90 deg. The lateral epicondyle,
located just above the capitellum, is the origin of the supinator-extensor
muscle group; however, the more prominent medial epicondyle is the
origin for the flexor-pronator muscle group. In a thin individual, one
can palpate the medial and lateral supracondylar ridges of the humerus.
The lateral supracondylar ridge separates the brachioradialis and exten-
sor carpi radialis longus anteriorly and the triceps posteriorly. The
medial supracondylar ridge separates the brachialis, median nerve, and
brachial artery anteriorly and the triceps and ulnar nerve posteriorly.* =
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Figure 8. The bony landmarks of the anterior aspect of the distal humerus. (From Morrey
BF: The Elbow and Its Disorders. Philadelphia, W.B. Saunders, 1993, p 20; with permis-
sion.)

Osteology of the Elbow

The stability of the elbow arises from a combination of the articula-
tion of the ulna and humerus as well as ligamentous constraints. The
ulnohumeral joint resembles a hinge which allows flexion and extension.
The trochlea of the humerus forms a spool-like surface that articulates
with the groove of the semilunar notch of the ulna (Fig. 9). There is an
approximate 6 to 8 deg valgus tilt of the trochlea articulation with
respect to the long axis of the humerus. This valgus tilt in combination
with a 4 deg valgus angulation of the semilunar notch relative to the
ulnar shaft creates the valgus carrying angle of the normal elbow. In
males the mean carrying angle is 11 to 14 deg, whereas in the female it
is 13 to 16 deg.'*®

The radiocapitellar and proximal radioulnar joint allows axial rota-
tion of 180 deg. Hyaline cartilage covers 240 deg of the outside circum-
ference of the radial head, which allows articulation with the proximal
ulna at the radial notch. The depressed radial head articulates with
the spherical capitellum maintaining the center of rotation within the
capitellum despite flexion-extension, pronation-supination.¢*

Ligaments of the Elbow
In addition to bony architecture of the ulnohumeral joint, the elbow

is stabilized by medial and lateral ligamentous complexes. The medial
collateral ligament complex is composed of three parts: a strong anterior
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Figure 9. Anatomy of the elbow. A, Anterior aspect of the proximal ulna demonstrating the
greater sigmoid fossa with the ceniral groove. B, Lateral view with landmarks. (From
Morrey BF: The Elbow and Its Disorders. Philadelphia, W.B. Saunders, 1993, p 22; with
permission.)

bundle, a posterior bundle, and transverse ligament (Fig. 10). The ante-
rior bundle of the medial collateral ligament is the major constraint of
valgus instability of the elbow.”# 22 The origin of this bundle is the
inferior surface of the medial epicondyle and its insertion is at the
medial aspect of the coronoid process of the ulna.t %

The lateral ligamentous complex is composed of the lateral collateral
ligament, the annular ligament, accessory lateral collateral ligament, and
the lateral ulnar collateral ligament (Fig. 11). The radial collateral liga-
ment arises from the lateral epicondyle and terminates into the annular
ligament. The annular ligament wraps around four fifths of the radial
head and contributes to stability to the proximal radioulnar articulation.
The annular ligament is stronger and has a more extensive attachment

Anterior Bundle |~

— — Posterior Bundle
7'-—-—1“""/;/, PR o
’.’pb N

Transverse Ligament

Figure 10. Mediai collateral ligament (MCL) of the elbow. Classic orientation of the MCL,
including anterior and posterior bundles, and the transverse ligament. (From Morrey BF:
The Elbow and Its Disorders. Philadelphia, W.B. Saunders, 1993, p 29; with permission.)
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Figure 11. More detailed representation of the radial collateral complex showing a portion
termed the radial collateral ligament that extends from the humerus to the annular ligament.
(From Morrey BF: The Elbow and Iits Disorders. Philadelphia, W.B. Saunders, 1993, p 30;
with permission.)

to the ulna posteriorly than anteriorly.2"- 22 The lateral ulnar collateral
ligament arises from the lateral epicondyle and inserts into the tubercle
of the crest of the supinator on the ulna. Morrey and colleagues believe
that the lateral ulnar collateral ligament represents the primary lateral
stabilizer of the elbow 222

Subcutaneous Anatomy of the Eibow

The anatomic location of the neurovascular structures about the
elbow are extremely important in any open surgical or arthroscopic
approach to the elbow. The most important structures at risk are the
radial, median, and ulnar nerves as well as the brachial artery. The
radial nerve penetrates the lateral intramuscular septum at the distal
one third of the humerus. It then descends anterior to the lateral condyle
between the brachialis muscle medially and the brachioradialis and
extensor carpi radialis longus laterally. The nerve then crosses anterior
to the radial capitellar joint and divides into the posterior interosseous
nerve and the superficial branch of the radial nerve. The posterior
interosseous nerve diverges laterally and posteriorly passing under the
proximal superficial edge of the supinator muscle called the arcade of
Frochse. The superficial branch continues distally under cover of the
brachioradialis muscle (Fig. 12).4% %
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Figure 12. A, Surgical approach to the proximal forearm in a patient with radial tunnel
syndrome. B, Radial nerve compression in the forearm. Decompression of the arcade of
Frochse (superiicial edge of the supinator).

The median nerve and brachial artery lie medial to the brachialis in
the arm. The median nerve is medial to the brachial artery at the level
of the antecubital fossa where both pass under cover of the bicipital
aponeurosis. The brachial artery then divides into two main branches,
the ulnar artery coursing deep to the ulnar head of the pronator teres
and the radial artery coursing superficial and lateral to the pronator
teres insertion on the radius. Meanwhile, the median nerve crosses
through the ulnar and humeral heads of the pronator teres.* 2

The ulnar nerve pierces the medial intramuscular septum at the
middle of the arm descending anterior to the medial head of the triceps.
The nerve than enters the cubital tunnel just inferior to the medial
epicondyle and medial to the olecranon. The nerve continues to course
distally between the humeral and ulnar heads of the flexor carpi
ulnaris.*

Three cutaneous nerves also cross the elbow and can be injured
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during surgery. The medial antebrachial cutaneous nerve with the basilic
vein penetrates the brachial fascia along the medial aspect of the arm at
the junction of the middle and distal third. The nerve courses distally in
the subcutaneous tissue just anterior to the medial epicondyle of the
elbow. The lateral antebrachial cutaneous nerve arises from the musculo-
cutaneous nerve, between the biceps brachii and the brachialis muscles.
The nerve pierces the deep fascia at the proximal lateral aspect of the
antecubital fossa and continues distally overlying the midportion of the
extensor forearm muscle mass. The nerve passes behind the cephalic
vein and divides into anterior and posterior branches. The branches
supply sensation to the radial aspect of the forearm, wrist, and hand.
The third cutaneous nerve to cross the elbow is the posterior antebrachial
cutaneous nerve arising from the radial nerve. This nerve penetrates the
brachial fascia 7 cm proximal to the elbow. The nerve then descends
posterior to the lateral epicondyle overlying the anconeus and extensor
digitorum communis muscles.* *

SUMMARY

For the orthopedist, the design and execution of surgical procedures
requires a thorough understanding of anatomy. The goal of this article
is to provide an overview of the pertinent surgical anatomy of the wrist
and elbow. Operative techniques improve with advancing technologic
breakthroughs and greater understanding of anatomy. Today’s orthope-
dic surgeon is required to remain current on this expanding information
base; this information will allow for a better understanding of common
and overuse injuries of the wrist, forearm, and elbow.
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