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Anatomy of the wrist

Chapter 2

2.1 Introduction

The wrist joint is situated between the forearm and the hand. The word wrist is derived
from the old teutonic word ‘wraestan’ which means ‘to twist’. Considering the wrist as
a functional unit, it allows motion in all three planes. These include flexion and extension
in the sagittal plane and radio-ulnar deviation in the frontal plane, both taking place in
the radiocarpal joint. In the transverse plane, pronation and supination are afforded by
the two-bone configuration of the forearm with the proximal and distal radio-ulnar
joints. Altogether the wrist is a stable but highly movable universal joint. This chapter
recapitulates the anatomy of the wrist in relation to distal radial fractures. It is based on
descriptions in standard clinical textbooks.23,24,25,26
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2.2 Bones and joints

The distal radius provides a large articular surface for the carpus. It has three concave
articular surfaces: the scaphoid fossa, the lunate fossa and the sigmoid notch. These
provide articulations with the scaphoid, the lunate and the ulnar head respectively (Fig.
4). On the dorsal side of the distal radius a longitudinal prominence named Lister’s
tubercle can be palpable. The metaphyseal part of the distal radius starts approximately
two centimetres from the articular surface. Here the cortex gets thinner and the amount
of cancellous bone increases.
The distal radio-ulnar joint provides the distal point for axial rotation of the forearm in
pronation and supination. With its approximately circular cross section the ulnar head
can rotate in the sigmoid notch of the radius through an arc of approximately 160°. The
distal articular surface of the ulna is covered by the triangular fibrocartilage. This
fibrocartilage attaches to the distal margin of the sigmoid notch and to the radial base of
the ulnar styloid (see below).
The proximal surface of the carpus articulates with the distal radial articular surface
and triangular fibrocartilage. The palmar aspect of the carpus at this point is concave
and establishes the floor and walls of the carpal tunnel. The carpal bones can be grouped
into rows or columns, each of variable composition. In one view, the proximal row
consists of the scaphoid, lunate, triquetrum and pisiforme; the distal row of the trapezium,
trapezoid, capitate and hamate bones. In this concept, the scaphoid can be regarded a

Figure 4. Bones of the wrist (dorsal view). Each
bone is indicated by the first letter(s) of its name.
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structural support of the carpal rows. The trapezium acts as a base for the independently
mobile and opposable thumb, whereas the capitate and the trapezoid support the second
and third metacarpals. The hamate supports the bases of the mobile fourth and fifth
metacarpals. Another concept was proposed by Navarro and divides the carpus into
three columns.27 The first is a ‘central or flexion-extension column’ formed by the lunate,
capitate and hamate. The second, a ‘lateral or mobile column’, is formed by the scaphoid,
trapezium and trapezoid, whereas the third, a ‘medial or rotation column’, is formed by
the triquetrum and pisiform bones. The division of the carpus into rows and columns
and their subsequent modifications have been used to describe and analyse the motion
of the separate bones comprising the wrist joint but do not fall within the scope of the
present study. Detailed descriptions of the carpus can be found elsewhere.23,25,26

2.3 Ligaments

The wrist joint has a fibrous capsule which is interlaced by strengthening ligaments.
There are many descriptions of these ligaments and new manuscripts that investigate
the ligaments of the wrist and their function are still being published.23,25,26,28,29 The
ligaments on the palmar side of the wrist are much stronger than those on the dorsal
side, which possibly is the result of the plantigrade and brachiate activities of our remote
ancestors in evolution.23 Two ligamentous systems can be distinguished: firstly, the
extrinsic ligaments which extend from the radius to the carpal bones (the radiocarpal
group) or from the carpal bones to the metacarpals (the carpo-metacarpal group); and
secondly, the intrinsic ligaments which run between the different carpal bones. On the
volar side of the distal radius, there are four radiocarpal ligaments: the radial collateral,
the radio-scapho-capitate, the radio-scapho-lunate and the radio-lunate. On the dorsal
side, the radiocarpal ligament is also strong. It originates at the dorsal rim of the radius
and inserts into the scaphoid, lunate and triquetrum. Three ligaments can be distinguished
here: the radio-scaphoid, the radio-lunate and the radio-triquetral (Fig. 5).
The intrinsic ligaments connect the carpal bones to each other. All adjacent carpal bones
have interosseous ligamentous connections except the lunate and capitate. The ligaments
are named by the two bones that are connected, in a proximal to distal or radial to ulnar
direction. The scapholunate ligament and lunotriquetral ligament are strong and resist the
distraction imposed by the distal carpal row during axial loading and rotatory motion.
Further, on the dorsal side the dorsal intercarpal ligament (DIC) conects the triquetrum
with the scaphoid and trapezoid. The interosseous ligaments of the proximal carpal row
are closely associated with the radiocarpal ligaments. Their strength and distribution are
of considerable importance in the kinematics of the joint. On the ulnar side the ulnocarpal
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complex or triangular fibrocartilage complex is situated. Much confusion exists about
the structures forming this complex. One of the reported compositions is a combination
of the triangular fibrocartilage, the ulnar collateral ligament, the ulno-lunate ligament,
the triangular fibrocartilage and the sheat of the extensor carpi  ulnaris tendon. The
distal radio-ulnar joint is supported by the dorsal and volar radio-ulnar ligaments.

2.4 Neurovascular supply

The nerve and blood supplies of the wrist are derived from the regional nerves and vessels.
Sensory and motor function come from the median, ulnar and radial nerves. The superficial
sensory branches of the median, ulnar and radial nerves are susceptible to damage by
lacerations and incisions. They are, however, easily visualised and should thus be protected.
The potential for a neuralgic pain syndrome is common to all of them. The sensory branch
of the radial nerve in particular is clinically important when external fixation is used at the
wrist. It emerges dorsally from underneath the brachioradialis tendon about five centimetres
proximal to the radial styloid (Fig. 6).
Circulation is provided by the two terminal branches of the brachial artery (the radial and
ulnar arteries) and by the anterior and posterior interosseous arteries. Several of these arteries

Figure 5. Ligaments of the wrist (a: volar side, b: dorsal side). The radiocarpal ligaments are indicated
according to their origin and insertion. See text for further explanation.

a b
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Figure 6. Course of the sensory branch of the radial nerve (RN). EPL: ext. pollicis brevis, APL: abd.
pollicis longus, ECRL: ext. capri rad. longus, BR: brachioradialis.

usually join to form a palmar arch. There is often concern about the maintenance of adequate
blood supply to the scaphoid and the lunate because both are susceptible to ischemic changes,
for example following trauma. Most of the blood supply of each bone enters the bone in the
distal half. The venous system of the wrist consists of both deep and superficial veins,
running together with the arteries.

2.5 Radiographic anatomy

Three radiographic measurements are most often used in the anatomical evaluation of the
distal end of the radius (Fig. 7).3,30,31 On the lateral radiograph, the dorsal angle (also
called dorsal tilt) of the distal end of the radius is the angle between a line perpendicular
to the long axis of the radius and a line drawn from the volar to the dorsal margin of the
distal radial articular surface. Normally there is a palmar angulation of 11 to 12 degrees
rather than a dorsal angulation. The radial angle (also called radial deviation) is measured
on the anteroposterior radiograph and is represented by the angle between a line
perpendicular to the long axis of the radius and a line drawn from the radial styloid to the
ulnar border of the distal radial articular surface. The average radial angle is 22 to 23
degrees. Radial length, also measured on the anteroposterior radiograph, is represented
by the distance from the tip of the radial styloid to a parallel line drawn at the distal
articular surface of the ulna. The normal length of the radius averages 11 to 12 millimetres.
Others have suggested that radial length should be measured from the distal radial to the
distal ulnar articular surfaces.32 A fourth radiographic measurement that might have
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prognostic value in assessing fractures is radial width or radial shift. This is the distance
between a line drawn through the longitudinal axis of the radius and the most lateral tip of
the radial styloid process. It is measured on the anteroposterior radiograph and compared
with the contralateral side.30

2.6 Kinematics

Wrist motions are complex because of the difficult relationship between the participating
bones and joints, the ligaments and the muscles around the joint. The wrist can move in
either a dorsal-palmar plane or a radio-ulnar plane and also allows circumduction, but
its natural motion is a composite of these with the preferred arc being from extension
and radial deviation to flexion and ulnar deviation.23 Dorsal extension of the wrist
averages 70° and palmar flexion averages 75°. This wide range also allows the actions
of the tendons of the fingers to be augmented. The range of motion is achieved by
synchronous motion at both the radiocarpal and intercarpal joints. Each joint accounts
for approximately half of the angular motion of the wrist. The proximal carpal row can
be seen as an intercalated articular segment and has no direct tendinous support to
guide its motion. Therefore, its synchronous motion with the distal row during flexion
and extension depends on the geometry and the ligamentous support afforded to the
joint. When the support is interrupted, the intercalated segment tends to undergo a
zigzag collapse under compressive stress. The scaphoid, lying in the sagittal plane
obliquely between the apparent centres of rotation of the proximal and distal carpal
rows, acts as a stabilising “crank” to prevent this collapse. The integrity of the scaphoid
bone and its ligamentous attachments are essential for this stability.23,33 In the radiocarpal
joint, 60% of the load is transmissitted by the scaphoid and 40% by the lunate. This has
been concluded from experiments with pressure-sensitive film.34

Figure 7. Radiographic measurements.
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Radial deviation is possible to approximately 15 to 25° and ulnar deviation is possible
to 30 to 60°, both taking place in the frontal plane. This motion occurs at both the
radiocarpal joint and the intercarpal joints, the respective amounts varying among
individuals. To achieve this motion, the proximal carpal row undergoes dorsiflexion
during ulnar deviation and palmar flexion during radial deviation. The arc of motion is
influenced by the radiocarpal extensors pulling in a dorsoradial direction during radial
deviation and by the ulnocarpal flexors pulling in a palmar-ulnar direction during ulnar
deviation.23

The individual motions of the carpal bones may be studied with the help of several
techniques. Uniplanar radiographs, light emitting diodes, three-space motion tracking,
biplanar stereoradiography cineradiography as well as other techniques have all been
used.28 Cineradiography is a popular technique because it offers a qualitative opportunity
to assess the relative motions. However, it is difficult to assign exact quantitative values
because of the difficulty of identifying three specific points on each bone in at least two
planes, a condition necessary for exact spatial differentiation.35

Controversy exists concerning the location of the normal centre of rotation for radial
and ulnar deviation of the wrist.36 Kapandji stated that this centre lies between the
lunate and the capitate, whereas MacConaill, Volz and Von Bonin said that it remains in
the head of the capitate.37,38,39,40 Wright believed that the centre is in the head of the
capitate for radial deviation.41 Linscheid and Dobyns stated that the centre remains in
the neck of the capitate, whereas Landsmeer located it in the body of the capitate.42,43

The centre of rotation for flexion and extension motion of the hand is also unclear. Fick
and Kapandji believed that there are two parallel and closely spaced axes of rotation
located in the radiocarpal and midcarpal joints.37,44 MacConaill and Volz stated that
there is a single axis of rotation that remains in the head of the capitate.38,39 Wright also
believed that the centre of rotation is located in the head of the capitate during flexion,
but stated that for extension the centre lies at the intercarpal joint.41

In an often cited experimental investigation, Youm et al studied the kinematics of the
wrist during radio-ulnar deviation and flexion-extension in several ways.21 In this study,
the forearms of six fresh cadaver wrists were fixed in full pronation and each motion
was constrained to one plane utilising a specially designed planar motion constraint
device. Two metal markers were placed in each of the metacarpals, as well as in the
radius and all of the carpal bones except the pisiform and trapezium. Radio-ulnar
deviation and flexion-extension movements in these wrist were studied
roentgenographically. In the wrists of six normal volunteers, a similar roentgeno-graphic
analysis was carried out and the trajectories of wrist motions were also studied using
light emitting diodes. Finally, roentgenographic measurements were made on 100 wrists
of normal subjects.
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In the analysis of wrist motion, three-dimensional kinematic characteristics were obtained
using the tracings of cineradiographs and of serial roentgenograms. The trajectory of
the hand during flexion-extension in a fixed plane was found to be circular, with the
rotation in each plane occurring about a fixed axis which is located within the head of
the capitate and not altered by the position of the hand in that plane. Despite variability
in the size and shape of the capitate and some inherent inaccuracy in the curve fitting
graphic method, the positions of the metal markers in the second and third metacarpals
of six cadaver hands studied described almost perfect arcs of circles during radio-ulnar
deviation and flexion-extension. From the analytical study it was found that the centre
of rotation for flexion-extension was slightly more proximal (nearer the lunate) than
the centre of rotation for radio-ulnar deviation. Youm et al concluded that during flexion-
extension as well as during radio-ulnar deviation, rotation occurs about a fixed axis
located within the head of the capitate (Fig. 8). The location of the axis is not changed
by the position of the hand in each plane.21,36

A study by Lanoy et al. localised the centres of rotation in 26 wrists in a very close
grouping on the centre of the concave surface of the lunate and in the neck of the capitate,
close to the centre of rotation found by Youm et al. In the frontal plane during radio-ulnar
deviation the two rows again angulate synchronously. The proximal carpal row flexes in

Figure 8. Centre of rotation of the wrist (a: radio-ulnar deviation, b: flexion-extension).
Reprinted with permission.21

ba
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radial deviation and extends in ulnar deviation. The centre of rotation for radio-ulnar
deviation lies near the capitate neck. According to Youm et al. it lies a few millimetres from
the centre of rotation in the sagittal plane. Lanoy et al., however, noted individual variations
of this centre of rotation in 26 clinical subjects.45

Bressina et al. studied wrist motion using CT (computed tomography) scans of the
wrist and an advanced electromagnetic tracker/digitizer system. A computer aided design
system was then used to evaluate human wrist kinematics based on the data obtained
from the measurements. The centre of rotation of the wrist was found to translate along
a curvilinear path close to the proximal part of the capitate for both radio-ulnar deviation
and flexion-extension.46

2.7 Functional wrist motion

Very little data exist in the literature regarding the wrist motion that is required for
activities of daily living (ADL).47 Although normal maximum motion of the wrist has
been previously documented with the use of standard hand goniometry, it was not until
recently that instrumentation was developed to assess normal wrist motion during
activities.48 Palmer et al. used a tri-axial goniometer to measure functional wrist motion.47

Wrist motion was evaluated in ten normal subjects who performed 52 standardised
tasks. Twenty-four standardised tasks that simulate personal hygiene, culinary skills
and miscellaneous ADLs were performed as wrist motion was simultaneously analysed
in three axes, i.e. flexion-extension, radio-ulnar deviation and rotation. Wrist motion
that is involved in performing the activities of a carpenter, a housekeeper, a mechanic,
a secretary and a surgeon was evaluated in a similar manner. The wrist joint was found
to have three degrees of freedom: flexion-extension, radio-ulnar deviation and rotation.
The normal functional range of wrist motion was found to be 5 degrees of flexion, 30°
of extension, 10° of radial deviation and 15° of ulnar deviation. Although some tasks
require a moderate amount of motion, the majority require a minimum of wrist motion.
Interestingly, 21of 24 tasks were mostly performed with the wrist in extension and 15
of 24 tasks with the wrist in ulnar deviation. In fact, of all groups of tasks or occupations
studied, only the activities of a surgeon consistently required flexion and ulnar deviation.
There was no group of tasks which required predominantly flexion and radial deviation.
Ryu et al. examined 40 normal subjects (20 women and 20 men) to determine the ideal
range of motion required to perform activities of daily living.48 The amount of wrist
flexion and extension, as well as radial and ulnar deviation, was measured simultaneously
by means of a bi-axial wrist electrogoniometer. The first category of tested activities
included seven ‘palm placement’ positions in which the subject was asked to touch the
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top of the head, back of the head, front of the neck, chest, waist, sacrum and right foot.
The second category involved personal care and hygiene; the third diet and food
preparation and the fourth important work functions (writing, driving, telephone use,
hammering, using a screwdriver and turning a key or doorknob). The entire battery of
evaluated tasks could be achieved with 60 degrees of extension, 54 degrees of flexion,
40 degrees of ulnar deviation and 17 degrees of radial deviation, which reflects the
maximum wrist motion required for daily activities. The majority of the hand placement
and range of motion tasks that were studied in this project could be accomplished with
70 percent of the maximal range of wrist motion. This converts to 40 degrees each of
wrist flexion and extension and 40 degrees of combined radio-ulnar deviation. Ulnar
deviation and extension were found to be the most important positions for wrist activities.
The range of wrist motion from this study is significantly larger than that reported by
Palmer.47 The difference between these studies may be related to different data reduction
methods and the difference in wrist goniometer design and application.
Recently, Nelson criticised the previous studies because they determined the range of
wrist motion that was used during certain activities.49 In his point of view, that is not the
same as the range of motion that is needed to perform these activities. Therefore, he
performed a study in which subjects had to wear a splint that limited wrist motion to
five degrees of flexion, six degrees of extension, seven degrees of radial deviation and
six degrees of ulnar deviation. All of the 123 selected ADLs could be performed
succesfully by the subjects with a minimal degree of difficulty or frustration.49

2.8 Conclusion

The wrist joint is a highly movable universal joint. It is formed by the distal radius and
the distal ulna which provide an articular surface for the proximal carpal row. The latter
consists of the lunate and triquetrum and is supported by the schaphoïd bone. The wrist
has a fibrous capsule which is interlaced by strong ligaments. Several of these ligaments
extend from the distal end of the radius to the carpal bones, which is of clinical importance
for the use of external fixation. The innervation of the wrist area comes from branches
of the ulnar, median and radial nerve. The sensory branch of the radial nerve is prone to
surgical damage when external fixation is used. Injuries to the distal radius are
radiographically evaluated by measurement of the dorsal angle, radial angle and radial
length.
Normal flexion and extension occur in the sagittal plane and average 75 and 70 degrees
respectively. Radial deviation takes place in the sagittal plane and is possible to
approximately 15 to 25°; ulnar deviation is possible to 30 to 60°. The normal range of
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wrist motion needed to perform activities of daily living (ADL) is approximately 35 to 40
degrees of combined flexion and extension and 25 to 40 degrees of combined radio-ulnar
deviation. Various studies to determine the centre of rotation of the wrist have been
performed. From these studies it can be concluded that the centre of rotation for flexion-
extension and for radio-ulnar deviation is located approximately in the head of the capitate
bone, with small variations which might be due to individual anatomical differences and
methods of analysing wrist motion.


