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�Osseous Anatomy of the Wrist

The wrist joint includes the osseous structures of 
the distal radius and ulna, carpal bones, and meta-
carpal bases (Fig. 6.1). The carpal bones form the 
proximal (scaphoid, lunate, triquetrum) and distal 
(trapezium, trapezoid, capitate, hamate) carpal 
rows that are stabilized by intrinsic and extrinsic 
ligaments to act as a single intercalated segment. 
The radiocarpal articulation is formed by the distal 
surface of the radius with the triangular fibrocarti-
lage serving as a soft tissue articular surface exten-
sion distal to the ulna. The articular surface of the 
radius has two shallow fossae that accommodate 
the scaphoid and lunate. At the dorsum of the dis-
tal radius, an osseous prominence is present that 
serves as an anatomic landmark for the extensor 
tendons. This is referred to as Lister’s tubercle. 
The midcarpal joint lies between the proximal and 
distal carpal rows. The articular surfaces of the 
carpal bones are normally aligned into three arcs 
(Gilula’s arcs) [1]. The proximal (arc I) and distal 

(arc II) articular surfaces of the proximal row and 
the opposing joint surface formed by the convexity 
of the distal row (arc III) comprise the three arcs. 
Those opposing articular surfaces should be paral-
lel to one another with symmetrical joint spaces 
[2]. The pisiform is generally considered a sesa-
moid and not officially housed in either carpal row 
[3]. Interruption of a uniformly parallel configura-
tion of the joint spaces or a step-off at the articular 
surface is secondary findings that suggest insuffi-
ciency of stabilizing ligamentous structures. When 
the “ring” of the intercalated segment is broken, 
the carpal alignment may be affected. Two com-
mon anatomical variants can mimic carpal arc 
step-offs: (1) triquetrum shorter in its proximal-
distal dimension than the adjacent lunate 
(Fig. 6.2a) and (2) proximally prominent hamate 
articulating with lunate (type II lunate) (Fig. 6.2b). 
The former variation results in lunotriquetral step-
off, whereas the latter affects the third carpal arc. 
The prevalence of the type 2 lunate was demon-
strated to be 50–57% in radiologic studies and up 
to 73% in cadaveric studies [4–6]. The mean size 
of the facet was reported as 4.5  mm (range, 
2–6 mm) in type II lunate on coronal view [5].

The normal longitudinal axes through the 
third metacarpal, capitate, lunate, and radius 
should superimpose, with 0 to 30° (the capitolu-
nate angle) on lateral radiographs [6] (Fig. 6.3a, 
b). Also, the angle formed between the long axis 
of the lunate and the scaphoid ranges between 30 
and 60° normally (the scapholunate angle). Those 
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Fig. 6.1  Coronal T1-weighted image of the wrist shows 
anatomy of carpal bones with lines of Gilula’s arc. 
Abbreviations: Tm Trapezium, Td Trapezoid, C Capitate, 
H Hamate, S Scaphoid, L Lunate, T Triquetrum, R Radius, 
U Ulna

a b

Fig. 6.2  Two common normal variants that mimic carpal 
arch step-off: (a) Short triquetrum. Proximal-distal 
dimension of triquetrum is shorter than adjacent lunate 
(L), creating lunotriquetral step-off (arrow) of first carpal 
arc. Note the proximal configuration of the hamate (H), 

type I lunate (single distal articular facet for capitate). (b) 
Type II lunate. An additional distal articular facet medi-
ally for hamate, affecting the third carpal arc continuity 
(arrow)

parameters are essential for the evaluation of 
volar intercalated segmental instability (VISI) or 
dorsal intercalated segment instability (DISI) 
(Fig. 6.3c–f). Although recognition of a DISI or 
VISI configuration on MR images can be useful 

in the assessment of carpal bone alignment, cor-
relation with radiographs is indispensable [7]. 
The axis of each bone is assessed in the following 
way: a line parallel to the center of the radial 
shaft, a line through the midpoints of the lunate 
proximal and distal articular surfaces, a line 
through the centers of the capitate head and its 
distal articular surface, and a line through the 
midpoints of the scaphoid proximal and distal 
poles.

To evaluate the anatomical profile of the distal 
radius, there are three common ways of measure-
ment based on radiographs: radial inclination, 
radial length, and volar tilt. Radial inclination is 
measured as the angle between a line drawn from 
the tip of the radial styloid to the ulnar head artic-
ular surface and a second line perpendicular to 
the longitudinal axis of the radius (Fig. 6.4a). It 
ranges from 13 to 30° (average 23 degrees) [8, 9]. 
Radial length can also be measured on PA radio-
graphs or MRI on the coronal plane, normally 
ranging from 11 to 22  mm (average 12  mm) 
(Fig.  6.4a). The volar tilt of the radius is mea-
sured on the sagittal plane as the angle between a 
line drawn tangentially across the most distal 
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Fig. 6.3  Normal lateral radiograph of the hand with capi-
tolunate angle <30°(a) and scapholunate angle between 30 
and 60°(b). Lateral radiograph with VISI shows capitolu-

nate angle >30°(c) and scapholunate angle <30°(d). 
Lateral radiograph with DISI shows capitolunate angle 
>30°(e) and scapholunate angle >60°(f)

points of the radial articular surface and a line 
perpendicular to the midshaft of the radius. 
Normally this angle ranges from 11° of volar tilt 
to 4° of dorsal tilt [8] (Fig. 6.4d).

Ulnar variance is the difference in length 
between the distal radius and ulna. This variance is 
relevant to the force distribution across the wrist 
[10]. Ulnar variance is characterized by the differ-
ences in apparent lengths of the distal ulna and 
radius. Ulnar variance is defined as neutral, positive, 

or negative on the basis of whether the distal articu-
lar surface of the ulna is aligned with the distal 
articular surface of the radius on a neutral postero-
anterior imaging (Fig.  6.4a–c) [11]. The ulna is 
shorter than the radius in negative ulnar variance 
and longer in positive ulnar variance. Positive vari-
ance is defined when the level of the ulna is >2.5 mm 
beyond the distal articular surface of the radius at 
the distal radioulnar joint (DRUJ). Negative vari-
ance is when the ulnar articular surface is >2.5 mm 
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proximal to the distal articular surface of the radius 
at the DRUJ [12]. Normally, the radius and ulna are 
neutral (same length), or there is mild negative ulnar 
variance. Positive ulnar variance is known to play a 
key role in ulnar impaction syndrome [12, 13]. 
Negative ulnar variance has a historic association 
with Kienbock’s disease, but this has been debated 
in recent orthopedic literature [14, 15].

The DRUJ is formed by the articulation of the 
sigmoid notch of the radius and ulnar head. This 
joint is stabilized by the soft tissue and ligamen-
tous components of the triangular fibrocartilage 
complex (TFCC). It is intimately associated with 
the sixth extensor compartment, housing the 
extensor carpi ulnaris.

�Guyon’s Canal

The ulnar nerve passes through a semirigid longi-
tudinal tunnel known as Guyon’s canal or the 
ulnar tunnel at the palmar aspect of the wrist. It is 
located superficial to the ulnar aspect of the car-
pal tunnel and extends from the palmar carpal 
ligament at the proximal edge of the pisiform to 
the origin of the hypothenar muscles at the level 
of the hamulus, approximately 4 cm in distance 
(Fig. 6.5) [16]. The ulnar nerve, artery, and, occa-
sionally, communicating veins pass through 
Guyon’s canal with accompanying fat tissue. The 
boundaries are formed by the palmar carpal liga-
ment at the volar aspect, pisiform at the ulnar 

a b
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Fig. 6.4  Measurements of the distal radius: RI radial 
inclination, RL radial length. Ulnar variance is neutral. (a) 
Ulnar variance on coronal T1-weighted images. Positive 

ulnar (b). Negative ulnar variance (c). Dotted lines: distal 
articular surface of the radius. Normal volar tilt on coronal 
T1-weighted image (d)
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aspect, and flexor retinaculum of the carpal tun-
nel at the radial and deep aspect [10]. The ulnar 
nerve lies between the pisiform bone and the 
ulnar veins and artery. The transverse carpal liga-
ment, or middle portion of the flexor retinaculum, 
forms the floor of Guyon’s canal as well as the 
roof of the carpal tunnel; thus, the volumetric 
changes in one canal can affect the other [17, 18]. 
The flexor carpi ulnaris (FCU) tendon lies at the 
ulnar aspect of the ulnar nerve and artery in the 

forearm and inserts on the pisiform. It partially 
blends with the palmar carpal ligament and forms 
the volar boundary of Guyon’s canal (Fig. 6.5a) 
[10].

In the mid-level of Guyon’s canal, between 
the pisiform and hook of hamate, the shape may 
be triangular or oval (Fig. 6.5b). The boundaries 
are formed at the volar aspect by the palmar car-
pal ligament, at the deep aspect by the pisoham-
ate ligament, at the ulnar aspect by the abductor 

a
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b

Fig. 6.5  Normal anatomy of Guyon’s canal. Axial proton 
density-weighted MR images of the wrist show anatomy 
of Guyon’s canal in the proximal (a), middle-distal (b), 
and distal portion (c). Abbreviations: ADM Abductor 
digiti minimi muscle, DUNA Deep ulnar nerve and artery, 
FA Fibrous arch of flexor digiti minimi brevis muscle ori-
gin, FCU Flexor carpi ulnaris tendon, FR Flexor retinacu-

lum or transverse carpal ligament, H Hamate, P Pisiform, 
C Capitate, T Triquetrum, Td Trapezoid, MC Metacarpal 
bone, PB Palmaris brevis muscle, PCL Palmar carpal liga-
ment, SUA Superficial ulnar artery, SUN Superficial ulnar 
nerve, TM Thenar muscles, UA Ulnar artery, UN Ulnar 
nerve, V Vein
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digiti minimi muscle, and at the radial aspect by 
the flexor retinaculum of the carpal tunnel [19]. 
Here, the ulnar nerve and artery bifurcate into 
deep and superficial branches.

At the distal portion of Guyon’s canal, the 
boundaries are formed by the palmaris brevis 
muscle at the volar and radial aspect, the abduc-
tor digiti minimi muscle at the ulnar aspect, and 
the flexor retinaculum and the hook of hamate 
dorsally (Fig. 6.5c) [10]. The superficial and deep 
canals containing the ulnar neurovascular bun-
dles are separated by the fibrous arch of the flexor 
digiti minimi brevis muscle origin. The deep 
canal contains the deep motor nerve and artery, 
whereas the superficial canal contains the super-
ficial sensory nerve and artery [19]. Just distal to 
the outlet of Guyon’s canal, the superficial ulnar 
artery and the sensory nerve pass volar to the 
hook of hamate without protective tissues and are 
vulnerable to mechanical stress or trauma [20].

�Carpal Tunnel

The carpal tunnel is a fibro-osseous tunnel on the 
palmar side of the wrist. It is bounded by the 
eight carpal bones and a tough fibrous roof called 
the transverse carpal ligament (TCL). The carpal 
tunnel contains eight digital flexor tendons (two 
for each of the second through fifth rays), flexor 
pollicis longus (FPL) the radial and ulnar bursae, 
with the median nerve (Fig. 6.6) [21]. Its dorsal 
and lateral borders are formed by the scaphoid, 
triquetrum, lunate, and pisiform proximally and 
the trapezium, trapezoid, capitate, and hamate 
distally. This osseous configuration forms a 
tunnel-like groove called the sulcus carpi. The 
flexor retinaculum forms its palmar boundary 
and extends from the tuberosities of the scaphoid 
and the trapezium to the pisiform and the hook of 
the hamate [22]. In general, the width of the car-
pal tunnel is narrowest at the level of the hamate 
hook, located 1 cm beyond the middle of the dis-
tal row of the carpal bones about 20  mm [21]. 
The mean width of the tunnel is 25  mm at its 
proximal end and 26 mm at its distal border [23]. 
Variations in the hook of the hamate (hypoplas-
tic, aplastic, or bipartite) in addition to variations 

in the attachment of the TCL could result in 
changes in carpal tunnel volume (Fig. 6.7a, b).

The flexor retinaculum is differentiated in 
three segments: (1) a proximal thin segment 
called the palmar carpal ligament, (2) the middle 
tough segment called the TCL, and (3) the distal 
segment that consists of a thick aponeurosis 
between the thenar and hypothenar muscles, 
passing deep to the flexor carpi ulnaris and flexor 
carpi radialis. The TCL is a thick (2–4 mm) and 
strong fibrous band. It is attached to the pisiform 
bone and hook of the hamate medially. Laterally, 
it splits into two laminae, superficial and deep. 
The superficial lamina is attached to the tubercle 
of the scaphoid and trapezium. The deep lamina 
is attached to the groove on the trapezium. Those 
two laminae and the osseous groove form a tun-
nel for flexor carpi radialis (FRC) with its syno-
vial sheath [21]. The volar aspect of the sulcus 
carpi is covered by the extrinsic ligaments, 
including the palmar lunotriquetral and palmar 
scaphotriquetral ligaments proximally and the 
capitate-scaphoid and capitate-trapezium liga-
ments distally. Usually, a small but variable 
amount of fatty tissue lies just volar to the 
capitate-trapezium ligament (Parona’s fat pad).

The median nerve is the most volar structure 
in the carpal tunnel, located just deep to the flexor 
retinaculum and volar to the flexor digitorum 
superficialis (FDS) tendons. It is covered by a 

Fig. 6.6  Normal anatomy of carpal tunnel on proton 
density-weighted axial image. Abbreviations: FCR Flexor 
carpi radialis, FDP Flexor digitorum profundus, FDS 
Flexor digitorum superficialis, FPL Flexor pollicis longus, 
FR Flexor retinaculum, MN Medial nerve, S Scaphoid, C 
Capitate, H Hamate, T Triquetrum, P Pisiform
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layer of cellulo-adipose tissue and adheres to the 
adjacent ulnar bursa [24]. It changes in position 
relative to the adjacent tendons on flexion or 
extension. In extension, the median nerve is usu-
ally located anterior to the index finger FDS ten-
don attached to the flexor retinaculum. In 
contradistinction, in the flexed position, the 
median nerve moves dorsally between the FDS 
of the second finger and flexor pollicis longus 
tendon. A palmar cutaneous branch arises from 
median nerve just proximal to the carpal tunnel. 
Distal to the carpal tunnel, the median nerve 
divides into medial and lateral branches. The 
medial branch terminates as two common palmar 
digital nerves supplying motor innervation to the 
second lumbrical and sensory innervation to the 
palm and fingers [25]. The lateral branch gives 
rise to the proper palmar digital nerves supplying 
motor innervation to the first lumbrical, sensory 
innervation to the lateral side of the hand and the 
thenar motor branch (TMB). The TMB, also 
referred to as the recurrent motor branch, sup-
plies the abductor pollicis brevis and opponens 
pollicis muscles, the caput superficiale of the 
flexor pollicis brevis muscle, and the two radial 
lumbrical muscles.

Variations of the median nerve are common in 
the general population including the following 
four types: type 1 is a single TMB, type 2 has 
accessory branches of the median nerve at the 
distal carpal tunnel, type 3 has a high division of 

the median nerve, and type 4 has the median 
nerve and its accessory branches proximal to the 
carpal tunnel [26]. The prevalence of the type 3 
variation, a high division of the median nerve 
resulting in a bifid median nerve, was reported to 
have a prevalence of 2.6% in a meta-analysis 
study [27]. In a study performed on 246 carpal 
tunnel release operations, five of seven patients 
with the bifid median nerve had an associated 
persistent median artery [28]. When the median 
artery persists, it is located on the ulnar aspect of 
the normal median nerve or between the bifid 
median nerve components, enveloped by a com-
mon perineurium [29]. The presence of hypertro-
phic muscle within the TCL was reported with a 
prevalence of 18.2% of hands, with higher preva-
lence of the TMB variants compared to those 
without it (23.4% vs 1.7%) [27]. Thus, it is 
important to recognize a bifid median nerve, per-
sistent median artery, or hypertrophic muscle 
within the TCL with MRI or US preoperatively.

The four flexor digitorum profundus (FDP) and 
four FDS tendons arise from muscle bellies proxi-
mal to the carpal tunnel. They lie within the ulnar 
bursa, a sac-like structure lined with a synovial 
membrane, and are separated from the flexor pol-
licis longus tendon that resides within the radial 
bursa [22]. The ulnar bursa extends around the 
flexor tendons at the level of the carpal tunnel and 
is composed of three horizontally oriented invagi-
nations of the synovial membrane: (1) a superficial 

a b

Fig. 6.7  Normal (a) and hypoplastic (b) hook of hamate on axial T1-weighted images. Note the area of distal carpal 
tunnel is decreased in (b)
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layer situated between the TCL of the flexor reti-
naculum and the FDS tendons, (2) a middle layer 
between the FDS tendons and the FDP tendons, 
and (3) a deep layer situated behind the FDP ten-
dons (Fig. 6.8) [30]. Various patterns of communi-
cation between the radial and ulnar bursae, as well 
as between the bursae and individual tendon 
sheaths, have been reported. The connection 
between the ulnar and radial bursae and between 
the ulnar bursa and flexor digitorum tendon sheath 
of the fifth digit tendon is typical, with the lack of 
continuity of the second to fourth flexor tendon 
sheaths [31]. These communications are of clinical 
importance in explaining the spread of inflamma-
tion, infection, or neoplastic processes.

�Extensor Tendons and Extensor 
Retinaculum

The extensor tendons of the wrist are divided into 
six compartments along its dorsal aspect. These 
include the first compartment with the abductor 
pollicis longus (APL) and extensor pollicis brevis 
(EPB), the second compartment with the extensor 
carpi radialis longus (ECRL) and extensor carpi 
radialis brevis (ECRB), the third compartment 
with the extensor pollicis longus (EPL), the fourth 
compartment with the extensor digitorum and 
extensor indicis, the fifth compartment with the 
extensor digiti minimi, and the sixth compartment 

with the extensor carpi ulnaris (ECU). The exten-
sor retinaculum (ER) is a thickening of the distal 
antebrachial fascia at the level of the inferior 
radioulnar joint that involves the extensor tendons 
over the radial, dorsal, and ulnar aspects of the 
wrist [32]. It consists of two layers, supratendi-
nous and infratendinous (Fig. 6.9) (Table 6.1) [33].

On the radial side of the wrist, the ER attaches 
at the volar-radial border above the styloid pro-
cess (Fig. 6.10(I)) blending with the antebrachial 
fascia, the palmar carpal ligament, and occasion-
ally the fascia overlying the thenar compartment 
[32]. The ER lies over the tendons to insert into 
the dorsoradial bony protuberance on the distal 
radius (Fig.  6.10(II)). Superficial to the first 
extensor compartment, slips of the ER can form 
septa that extend between and separate the APL 
and EPB or even separate individual tendon slips 
of the APL.  The prevalence of supranumerary 
tendon slips ranged from 74% to 77% for the 
APL and 2% to 27% for the EPB in cadavers 
[34–37]. Consistently higher prevalence of super-
numerary tendon slips and septation has been 
reported in patients with De Quervain tenosyno-
vitis. Chang et al. reported multiple tendon slips 
were also common on MRI, with a prevalence of 
74–79% in a control group compared to 91% in a 
De Quervain tenosynovitis group [38]. In a previ-
ous study on CT, the osseous ridge at the floor of 
the first extensor compartment was found in 
23.8% among the general population, with a sta-
tistically significant increase in females (19.8% 

Fig. 6.8  Schematic drawing of the carpal tunnel. 
Abbreviations: FCR Flexor carpi radialis, FDP Flexor 
digitorum profundus, FDS Flexor digitorum superficialis, 
FPL Flexor pollicis longus, FR Flexor retinaculum, MN 
Medial nerve, RB Radial bursa, UB Ulnar bursa, S 
Scaphoid, C Capitate, H Hamate, T Triquetrum, P 
Pisiform

Fig. 6.9  Extensor compartment anatomy. Axial T2*-
weighted MR image through the level of the distal radio-
ulnar joint showing the six extensor compartments. 
Arrows show the infratendinous flexor retinaculum. Note 
the fifth compartment for the extensor digiti minimi ten-
don (EDM) is purely fibrous
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in males, 33.3% in females) [39]. An ultrasound 
anatomical study showed the association between 
the osseous ridge and the presence of the septa-
tion in the first extensor compartment; therefore, 
it can be an indirect sign of compartmentalization 
[40]. The bony ridge is observed also on MRI 
when the slice thickness is appropriate (Fig. 6.10).

The second extensor compartment is formed 
by the ER located between the dorsoradial bony 
protuberance (Fig. 6.10(II)) and Lister’s tubercle 
of the radius (Fig. 6.10(III)). As previously noted, 

this compartment contains the ECRB and ECRL 
tendons. The insertion of the ER into Lister’s 
tubercle is broad and extends along the entire 
expanse of the tubercle [32]. Lister’s tubercle is 
an important osseous landmark to separate the 
second and third extensor compartments. The 
tendons of the first and second compartments 
cross each other 4–8  cm proximal to Lister’s 
tubercle (Fig. 6.11) [41]. This intersection creates 
a vulnerability due to repetitive friction with 
supination and pronation, flexion, and extension 
[42]. Routine wrist MRI protocols may not 
extend proximally to offer full characterization of 
this region, emphasizing the importance of a 
detailed clinical history.

Table 6.1  Extensor tendons

First compartment (1): Abductor pollicis longus (APL) 
and extensor pollicis brevis (EPB) tendon
Second compartment (2): Extensor carpi radialis 
longus and brevis tendons (ECRL, ECRB)
Third compartment (3): Extensor pollicis longus 
(EPL) tendon
Forth compartment (4): Extensor digitorum (ED) and 
extensor indicis (EI) tendon
Fifth compartment (5): Extensor digiti minimi (EDM) 
tendon
Sixth compartment (6): Extensor carpi ulnaris (ECU) 
tendon

Fig. 6.10  Attachment sites of the extensor retinaculum to 
the radius on T2*-weighted axial image. Note the osseous 
protuberance beneath the first extensor compartment 
(arrow). (I) The volar-radial border above the styloid pro-
cess, (II) the dorsoradial bony protuberance on the distal 
radius, (III) Lister’s tubercle of the radius, (IV) the osse-
ous prominence on the radius, (I–II) the first compartment 
containing abductor pollicis longus tendon (APL) and 
extensor pollicis brevis tendon (EPB), (II–III) the second 
compartment containing extensor carpi radialis longus 
and brevis tendons (ECRL, ECRB), (III–IV) the third 
compartment containing extensor pollicis longus tendon 
(EPL)

Fig. 6.11  Anatomic diagram shows the distal (black cir-
cle) and proximal (white circle) intersections of the exten-
sor tendons. (1) Red, abductor pollicis longus; (2) pink, 
extensor pollicis brevis; (3) blue, extensor pollicis longus; 
(4) green, extensor carpi radialis longus; (5) yellow, 
extensor carpi radialis brevis tendon
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The ER crosses the EPL of the third extensor 
compartment with an attachment from Lister’s 
tubercle (Fig.  6.10(III)) to the osseous promi-
nence on the radius (Fig.  6.10(IV)) [43]. The 
EPL, ECRB, and ECRL tendons intersect distal 
to Lister’s tubercle with communication of their 
tendon sheaths at the point of intersection 
(Fig. 6.11). Lister’s tubercle acts as a pulley and 
therefore creates a vulnerability of the tendons in 
the setting of intersection syndrome [44].

The supratendinous portion of the ER crosses 
over the extensor digitorum and extensor indicis 
to form the fourth and fifth extensor compart-
ments. The ER attaches to an osseous promi-
nence at the dorsoulnar aspect of the radius [32]. 
The infratendinous portion of the ER is well 
described on images at the level of the fourth and 
fifth compartments. The supratendinous and 
infratendinous portions of the ER coalesce to 
separate the fourth and fifth extensor compart-
ments [43]. The two portions of the retinaculum 

continue to surround the extensor digiti minimi 
tendon and form a purely fibrous fifth 
compartment.

The ECU tendon of the sixth extensor com-
partment lies within the subsheath along a groove 
at the dorsolateral aspect of the ulna. The two 
portions of the retinaculum meet to form the 
radial-sided attachment of this compartment 
[43]. The supratendinous portion of the ER 
extends over the ECU tendon blending fibers 
with the volar antebrachial fascia. Ulnarward, it 
inserts into the sheath of the flexor carpi ulnaris 
tendon, the pisiform, the pisometacarpal liga-
ment, and the base of the fifth metacarpal [29]. 
The supratendinous and the infratendinous por-
tions provide blending fibers with the subsheath 
of the ECU [32]. The ECU tendon centers in its 
groove in pronation and neutral position 
(Fig.  6.12) [45]. In supination, the tendon sub-
luxes, and the extensor retinaculum is stretched. 
The “linea jugata” is the longitudinal fibrous 

a

c

b

Fig. 6.12  Location of the ECU tendon (arrow) with supination (a), neutral (b), and pronation (c)

A. Yamamoto et al.



123

structure that reinforces the ulnar insertion of the 
subsheath (Fig.  6.13) [46]. It is an important 
dynamic stabilizer that helps to prevent ECU ten-
don luxation during supination [33].

�Ligaments of the Wrist

Wrist ligaments are responsible for stability 
through complex motion about the radiocarpal, 
ulnocarpal, and DRUJ.  The ligaments of the 
wrist have been classified into two types. 
Distinction has been made between the extrinsic 
(radiocarpal and ulnocarpal) and the intrinsic 
(intercarpal) ligaments (Table  6.2) (Figs.  6.14, 
6.15, and 6.16).

�Intrinsic Ligaments

�Proximal Interosseous Ligaments

There are two proximal intrinsic interosseous 
wrist ligaments: the scapholunate (SL) ligament 
and the lunotriquetral (LT) ligament. The proxi-
mal intrinsic ligaments cover the dorsal, proxi-
mal, and volar aspects of their joints, respectively, 

leaving the distal aspect open to communicate 
with the midcarpal joint (Fig. 6.14a, b) [3].

The SL ligament is U-shaped on sagittal sec-
tion and has three separate zones: dorsal, 
proximal, and volar components. The dorsal and 
volar zones are ligamentous, whereas the proxi-
mal zone is fibrocartilaginous [10]. The SL liga-
ment is the primary stabilizer of the scapholunate 
joint. The dorsal zone is the thickest and stron-
gest situated between the proximal pole of the 
scaphoid and the dorsal portion of the lunate 
[47]. The volar zone is thin and oriented 
obliquely from palmar to dorsal progressing 
from the scaphoid to the lunate; therefore, it is 
less easily observed on conventional MRI.  It 
combines with the radioscapholunate ligament 
proximally and inserts on the scaphoid with 
small connections to the radioscaphocapitate 
ligament distally [48]. The proximal zone is 
fibrocartilaginous, similar to the TFCC histolog-
ically. DISI can occur due to alteration of SL 
ligament integrity, with flexion of the scaphoid 
and extension of the lunate and triquetrum. A 
recent cadaveric study showed scaphotrapezio-
trapezoid ligament or distal intercarpal ligament 
resection, in association with SL ligament resec-
tion, produced DISI [49].

The LT ligament is V-shaped on sagittal sec-
tion with three separate zones: dorsal, proximal, 
and volar. The dorsal and volar zones are liga-
mentous, and the proximal zone is fibrocartilagi-
nous [50]. The volar region is the thickest part 
and transmits the extension movement of the tri-
quetrum [51]. The dorsal component functions as 
a restraint to rotation. The dorsal and volar zones 
of the LT ligament are biomechanically more 
important than the proximal zone. The proximal 
zone shows a triangular morphology in >85% of 
subjects; however, a variety of shapes and MR 
appearances have been reported [52, 53]. LT liga-
ment instability and the associated capsular dam-
age, typically to the dorsal radiocarpal and dorsal 
intercarpal ligament, result in VISI. The proximal 
zone of both SL ligament and LT ligament is best 
demonstrated on coronal plane (Fig. 6.15b), and 
the dorsal and volar zones are best identified on 
axial plane (Fig. 6.16).

Fig. 6.13  Linea jugata. T2*-weighted axial MR image 
shows the linea jugata (arrow) stabilizing the ulnar side of 
the ECU
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Table 6.2  Intrinsic and extrinsic ligaments of the wrist. 
(Abbreviations in the figures)

Intrinsic ligaments
Proximal interosseous ligaments
 �� Scapholunate ligament (SL)
 �� Lunotriquetral ligament (LT)
Distal interosseous ligaments
 �� Trapeziotrapezoid (TT) ligament
 �� Trapezocapitate (TzC) ligament
 �� Capitohamate (CH) ligament
Palmar midcarpal ligaments
 �� Scaphotrapeziotrapezoid (STT) ligament
 �� Scaphocapitate (SC) ligament
 �� Triquetrocapitate (TC) ligament
 �� Triquetrohamate (TH) ligament
Dorsal intercarpal/intrinsic ligaments (DIC)
Extrinsic ligaments
Radiocarpal
 �� Dorsal radiocarpal (DRC) ligament
 �� Radioscaphocapitate (RSC) ligament
 �� Long radiolunate ligament (LRL)
 �� Short radiolunate ligament (SRL)
 �� Radial collateral ligament (RCL)
 �� Radioscapholunate ligament
Ulnocarpal
 �� Ulnocapitate (UC) ligament
 �� Ulnolunate (UL) ligament
 �� Ulnotriquetral (UT) ligament

�Distal Interosseous Ligaments

There are three ligaments connecting the carpal 
bones of the distal row: trapeziotrapezoid (TT) 
ligament, trapezocapitate (TzC) ligament, and 
capitohamate (CH) ligament. Each ligament 
consists of at least a dorsal and a volar region. 
The dorsal and volar TT ligaments extend 
across the entire length of the dorsal and volar 
joint margin [3]. The TzC ligament includes 
three zones: the volar, dorsal, and the deep. The 
deep zone is the strongest crossing the central 
region of the joint in an angled notch. The CH 
ligament extends substantially onto the distal 
half of the volar and the dorsal cortices of the 
bone [54]. As with the TzC ligament, the deep 
CH ligament is a thick and square-shaped struc-
ture (Fig. 6.14b).

�Palmar Midcarpal Ligaments

The four palmar midcarpal ligaments course from 
the scaphoid or triquetrum to the distal carpal row: 
the scaphotrapeziotrapezoid (STT) ligament, the 
scaphocapitate (SC) ligament, the triquetrocapitate 
(TC) ligament, and the triquetrohamate (TH) liga-
ment (Fig.  6.14a). There is no direct connection 
between the lunate and the distal carpal row [3]. 
The STT ligament attaches to the radial and ulnar 
cortices of the distal pole of the scaphoid proxi-
mally. It passes distally to the palmar and radial 
aspect of the trapezium and the palmar surface of 
the trapezoid [55, 56]. The SC ligament attaches to 
the distal pole of the scaphoid proximally and the 
palmar cortex of the body of the capitate distally. 
The TC ligament attaches proximally to the distal 
and radial corner of the triquetrum and the ulnar 
cortex of the capitate [57]. The triquetrohamate 
ligament attaches to the distal margin of the palmar 
cortex of the triquetrum and extends distally to 
attach to the palmar cortex of the hamate body [54].

�Dorsal Intercarpal/Intrinsic 
Ligaments

The dorsal intercarpal (DIC) ligaments attach the 
dorsal tubercle of the triquetrum proximally to the 
dorsal ridge and radial surface of the scaphoid and 
in half of individuals the dorsal cortex of the trap-
ezoid (Figs. 6.14d and 6.15c) [3, 58]. The DIC liga-
ments play the role of a secondary stabilizer 
associated with the dorsal radiocarpal ligament; 
however, the SL ligament is the primary stabilizer 
of the scapholunate joint [48]. They form a lateral 
V-shaped structure with an apex in the triquetrum 
that stabilizes the dorsal scapholunate interval [58].

�Extrinsic Ligaments

�Radiocarpal Ligaments

On the volar side, the radioscaphocapitate (RSC) 
ligament and the long radiolunate (LRL) liga-
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Fig. 6.14  Schematic drawing of the intrinsic and extrin-
sic ligaments. Volar intrinsic ligaments (a), dorsal deep 
intrinsic ligaments (b), volar extrinsic ligaments (c), and 

dorsal intercarpal/intrinsic and extrinsic ligaments (d). 
Abbreviations: see Table 6.2 for ligaments
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a

c

b

Fig. 6.15  Anatomical images of the wrist ligaments on 
T2*-weighted coronal images. The proximal zone of both 
SL ligament and LT ligament are best demonstrated on 
this plane. Abbreviations: see Table 6.2 for ligaments. d 

dorsal zone, v volar zone, p proximal zone, R radius, L 
ulna, S scaphoid, L lunate, T triquetrum, Tm trapezium, 
Td trapezoid, C capitate, H hamate

ment are the two main ligamentous stabilizers of 
the scapholunate joint (Figs.  6.13c and 6.14a) 
[48]. The RSC ligament is the most radial extrin-
sic ligament and forms the entire radial radiocar-
pal and a part of the palmar radiocarpal joint 
capsule [55]. It extends diagonally from the 
radial styloid process to the region of the middle 
of the scaphoid fossa with connection to the 
fibers from the ulnocapitate (UC) ligament [57]. 
This structure is also referred to as the palmar 
arcuate ligament [59]. The LRL ligament, or 
volar radiolunotriquetral ligament, extends from 

the distal palmar rim of the radius to terminate in 
the lunate at the radial aspect of its palmar cortex 
over the lunate [60]. It plays a role in stabilization 
of the lunate in extension [49]. The short radiolu-
nate (SRL) ligament originates proximally from 
the entire width of the lunate fossa of the distal 
radius and attaches to the radial half of the pal-
mar cortex of the lunate [61]. The radial collat-
eral ligament (RCL) extends from the tip of the 
styloid process of the radius and inserts on the 
distal pole and waist of the scaphoid and the pal-
mar surface of the trapezium [62]. Another volar-
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sided extrinsic ligament, the radioscapholunate 
ligament is found just ulnar to the long radiolu-
nate ligament. There is some question as to 
whether this is a true ligament [63].

The dorsal radiocarpal (DRC) ligament 
(Figs. 6.14d and 6.15c), also called as the dorsal 
radiolunotriquetral ligament, is comprised of 
oblique fibers of approximately 1.5  mm thick-
ness and attaches to the dorsal rim of the distal 
radius proximally and the dorsal cortex of the tri-
quetrum, giving a firm attachment to the dorsoul-
nar corner of the lunate [64]. It is the most 
important dorsal extrinsic ligament to stabilize 
the lunate and scaphoid [65].

There are three identified ulnocarpal liga-
ments: the ulnocapitate (UC) ligament, the ulno-
lunate (UL) ligament, and the ulnotriquetral (UT) 
ligament (Figs.  6.14c and 6.15a). The UC liga-
ment is the only ulnocarpal ligament that attaches 
directly to the ulnar head [66]. It attaches to the 
fovea region of the ulnar head proximally and 
interdigitates with the fibers of the RSC ligament 
distally as mentioned above.

�The Triangular Fibrocartilage 
Complex

The triangular fibrocartilage complex (TFCC) com-
prises the following structures: (1) triangular fibro-
cartilage disc, (2) radioulnar ligaments, (3) 
triangular ligament, (4) meniscal homologue, (5) 
ulnar collateral ligament (UCL), (6) volar ulnocar-
pal ligaments (ulnolunate and ulnotriquetral), and 
(7) extensor carpi ulnaris (ECU) tendon sheath 
(Figs. 6.17 and 6.18). The TFCC plays a role as the 
main stabilizer of the ulnar-sided wrist and the 
DRUJ. The TFCC articulates between the proximal 
carpal row and the distal ulna, facilitating smooth 
motion of the wrist, transmitting axial loads between 
the ulna and carpal bones, and serving as an exten-
sion of the proximal radial articular surface.

	1.	 Triangular Fibrocartilage Disc

The triangular fibrocartilage disc appears as 
an asymmetric biconcave rectangular shape in 
the coronal plane (Fig.  6.17b, c). In contradis-
tinction to the attachment of the dorsal and volar 

radioulnar ligaments mentioned later, there is a 
continuous transition from the central fibrocarti-
laginous disc to the hyaline cartilage of the sig-
moid notch [67]. The shape of the disk remains 
constant throughout wrist motion when the ulno-
carpal joint is stable. The morphology of the disc 
varies with ulnar variance [10]. The disc with the 
ulnar plus variance is thin and, therefore, more 
vulnerable to biomechanical stress.

	2.	 Dorsal and Volar Radioulnar Ligaments

The dorsal and volar radioulnar ligaments 
form the main components of dorsal and volar 
marginal portion of the triangular fibrocartilage 
disc. The ligaments attach to the dorsal and volar 
rim of the distal radius directly at the level of the 
sigmoid notch and the middle and distal thirds of 
the styloid process via chondral-apophyseal 
entheses (Fig. 6.17a, b, d) [68]. The dorsal and 
volar radioulnar ligaments are well recognized in 
axial MR images (Fig. 6.18). The most superfi-
cial fibers of the dorsal radioulnar ligament con-
tribute to the formation of the ECU tendon sheath 
ulnarly [22].

	3.	 Triangular Ligament

The triangular ligament, a synonym of the ulnar 
side of the triangular fibrocartilage, anchors the 

Fig. 6.16  Anatomical image of the ligaments on T2*-
weighted axial image at the level of the proximal carpal 
row. The dorsal and volar zones are best identified on this 
plane. Abbreviations: S Scaphoid, L Lunate, T Triquetrum, 
SL Scapholunate ligament, LT Lunotriquetral ligament, 
RSC Radioscaphocapitate ligament, DRC Dorsal radio-
carpal ligament, UC Ulnocapitate ligament, d Dorsal 
zone, v Volar zone
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disc of triangular fibrocartilage to the ulnar styloid 
process. It extends along the entire surface to the 
most proximal aspect of the fovea of the styloid 
process and the tip [67]. The triangular ligament 
usually bifurcates into two laminae (proximal and 
distal) as the ligament extends toward the ulna 
(Fig. 6.17b, c) [69]. The distal lamina inserts into 
the fibro- or hyaline-like cartilage of the tip of the 
ulnar styloid [70]. The normal MRI appearance of 
the triangular ligament is a band with striated pat-
tern (arrowhead). The internal signal is higher 
compared with the disc, due to its histological 

structure as a combination of collagen fibers and 
vascular-rich connective tissue [71].

	4.	 Meniscal Homologue

The meniscal homologue is an inconsistent 
structure formed by a thickening of the ulnar side 
of the joint capsule. The meniscal homologue 
extends from the ulnar styloid to the dorsal edge 
of the triquetrum, the hamate, and the base of the 
fifth metacarpal [72]. It is best depicted in the 
coronal plane as a triangle-shaped structure with 

a b

c d

Fig. 6.17  Coronal anatomical images of the 
TFCC.  Abbreviations: RULd distal radioulnar ligament 
dorsal attachment, RULm distal radioulnar ligament mid-
dle attachment, RULv distal radioulnar ligament volar 

attachment, TLp triangular ligament proximal lamina, 
TLd triangular ligament distal lamina, MH meniscus 
homologue, UTL ulnotriquetral ligament, ECU extensor 
carpi ulnaris tendon

A. Yamamoto et al.



129

hypointense signal (Fig.  6.17b). The prestyloid 
recess is a synovium-lined saccular space bor-
dered by the meniscal homologue distally, the 
TFCC attachments to the ulnar styloid process 
proximally, and the central TFCC disk radially 
[73]. Commonly there is a direct connection to 
the rest of the radiocarpal compartment.

	5.	 Ulnar Collateral Ligament

The concept of the UCL is nebulous but con-
sidered as the loose connective tissue that extends 
from the horizontal portion of the TFCC to join 
the subsheath of the ECU [74].

	6.	 Volar Ulnocarpal Ligaments (ulnotriquetral 
and ulnolunate ligaments)

The UT and UL ligaments both originate 
proximally from the volar radioulnar ligament. 

(3) They stabilize the lunate and, therefore, the 
proximal row of the carpal bones [61]. The UT 
ligament is intimately associated with the menis-
cal homologue. There is no direct attachment to 
the ulna. Assessment of their proximal attach-
ment on MRI can be difficult because of the het-
erogeneous appearance due to the interspersed 
vascular loose connective tissue [75, 76]. Also, 
there is no clear demarcation between the UL and 
the UT ligaments proximally, but there are dis-
tinct attachment sites distally (Fig. 6.17c) [3].

	7.	 Extensor Carpi Ulnaris (ECU) Subsheath

The ECU courses along the dorsolateral aspect 
of the ulnocarpal joint, is situated within the ulnar 
notch, and covered by fibrous tissue referred to as 
the ECU subsheath (Fig.  6.17c, d) [72]. As 
described above, a part of the dorsal radioulnar 
ligament and the dorsal radial metaphyseal arcu-
ate ligament merge and reinforce the ECU sub-
sheath [55]. They are further reinforced by the 
extensor retinaculum and ulnar collateral liga-
ment which blends with the ECU subsheath. The 
ECU subsheath is an important stabilizer of the 
ulnar side of the TFCC.

�Imaging Protocols for the Wrist

Thin and contiguous slices with high signal-to-
noise ratio are essential to evaluate the structures 
in the wrist joint as above discussed. Our routine 
noncontrast 3T wrist MR protocol is included in 
Table 6.3. Higher magnetic field such as 3T, with 
adequate coil selection such as wrist coil or 
microcoils for small field of view, is required. For 

Fig. 6.18  Axial image of the TFCC. Abbreviations: 
RULd distal radioulnar ligament dorsal attachment, RULv 
distal radioulnar ligament volar attachment, ECU exten-
sor carpi ulnaris tendon, R radius, S styloid process

Sequence FOV TR/TE ST SG Matrix
Coronal T2FS 10 cm 3500–4000/60–90 3 mm 0.3 mm 320
Coronal T1 10 cm 450–500/13–15 3 mm 0.3 mm 320
Coronal PD 3D 10 cm 2000–2500/18–30 1.4 mm 0 288
3D reconstructed in axial and sagittal
Sagittal T1 10 cm 450–500/13–15 3 mm 0.3 mm 384
Axial T2FS 10 cm 3500–4000/60–90 2.5 mm 0.5 mm 320
Axial T1 10 cm 600–850/10–15 2.5 mm 0.5 mm 384

Abbreviations: FOV field of view, TR repetition time, TE echo time, ST slice thickness, SG slice gap

Table 6.3  Routine wrist MR protocol
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the SLL injury evaluation, higher specificity at 
3T compared with 1.5T is demonstrated in the 
recent meta-analysis study; however, that of MR 
arthrography with 3T was still superior. MRA 
may be considered when higher diagnostic per-
formance is demanded to avoid invasive arthros-
copy [77].
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