
2Wrist Anatomy

2.1 Ligaments of the Wrist
and their Functional
Significance

2.1.1 Overview of Carpal Ligament
Organization

The ligaments of the wrist can be categorized by
generic divisions (intrinsic vs. extrinsic), by
location (palmar versus dorsal, radiocarpal ver-
sus midcarpal), or by function (guiding, con-
straining) [1]. The differentiation of the wrist
ligaments into intrinsic (intra-articular or inter-
osseous) and extrinsic (capsular) is based on
histological criteria. Moreover, the intrinsic lig-
aments originate and insert on the carpal bones,
while extrinsic ligaments course between the
carpal bones and the radius or the metacarpals
[2]. Both intrinsic and extrinsic ligaments con-
sist of relatively parallel groups of densely
packed, highly organized collagen fibers called
fascicles. The fascicles are surrounded by
regions of poorly organized connective tissue,
called perifascicular spaces. Near the periphery
of the ligament, the perifascicular spaces coa-
lesce to form the epiligamentous sheath. The
superficial surface of a capsular ligament forms
the fibrous stratum of the epiligamentous sheath,
while on the deep, or joint surface of the liga-
ment, the epiligamentous sheath forms a con-
tinuous layer called the synovial stratum of the
epiligamentous sheath. Intrinsic (intra-articular)
ligaments are covered entirely by a synovial

stratum, whereas extrinsic (capsular) ligaments
have the synovial stratum only on their deep or
joint surface [1].

A third category of ligaments has been
described [1, 3] by the term meniscocapsular
ligaments referring to a synovial capsular
structure containing massive concentrations of
blood vessels and nerves. A typical example of
such a structure is the radioscapholunate liga-
ment (RSL).

There is some degree of function overlap
between the intrinsic and extrinsic ligaments
leading to a temporary counterbalance after an
individual ligament injury. That equilibrium may
be exceeded with cyclic loading following an
injury and this progressively leads to insuffi-
ciency of the secondary ligamentous constraints
and an initially normal radiographic image
becomes over time diagnostic of the instability.
A typical example of this progressively evolving
instability is the scapholunate and lunotriquetral
dissociation. Berger in 1997 [4] prophetically
argued what was in recent years confirmed: ‘‘We
tend to look upon the carpal ligaments as passive
bands of collagen constraining the action of the
bones that they connect. The rich innervation of
the ligaments, however, may introduce an
entirely new consideration of function for the
ligaments as end organs of mechanoreception. It
is possible that the wrist is stabilized by a mixture
of static structures such as ligaments and
dynamic structures such as muscles. As such, the
ligaments may play roles as both static support
and sensory organs’’.
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To date, the detailed carpal ligament nomen-
clature and classification by Berger is the most
commonly cited and most detailed of all [5],
therefore this is mainly used in this book.

Table 2.1 shows aggregately all the wrist lig-
aments and the acronyms described in this book.

2.1.2 Extrinsic or Capsular Ligaments:
Volar Surface

2.1.2.1 Radiocarpal Joint
The palmar radiocarpal ligaments originate from
the palmar rim of the distal radius, attaching
approximately 1–2 mm proximal to the articular

surface and coursing distally, attach to one or
more carpal bones (Figs. 2.1 and 2.2). These
ligaments constitute the main stabilizing struc-
tures of the radiocarpal joint and are best viewed
from an intra-articular perspective.

Radioscaphocapitate ligament

(RSC ligament)

The RSC ligament is the most radial of the palmar
radiocarpal ligaments that originates proximally
from a roughened area on the palmar and radial
aspects of the radial styloid process [4]. It courses
distally and ulnarly and attaches partially to the
radial surface of the waist of the scaphoid and to
the proximal cortex of the distal scaphoid pole

Table 2.1 The ligaments of the wrist and their acronyms used in the book

Extrinsic or capsular ligaments

Radiocarpal (RC) joint Palmar Radioscaphocapitate (RSC)

Long radiolunate (LRL)

Short radiolunate (SRL)

Radioscapholunate (RSL)

Dorsal Dorsal radiocarpal (Dorsal RC)

Midcarpal (MC) Joint Palmar Scapho-trapezium-trapezoid (STT)

Scaphocapitate (SC)

Capitate trapezium (CTm)

Triquetrocapitate (TC)

Triquetrohamate (TH)

Palmar scaphotriquetral (Palmar ST)

Dorsal Dorsal intercarpal (DIC)

Dorsal scaphotriquetral (Dorsal ST)

Ulnocarpal (UC) joint Ulnolunate (UL)

Ulnotriquetral (UT)

Ulnocapitate (UC)

Distal radioulnar joint (DRUJ) Triangular fibrocartilage complex (TFCC)

Dorsal radioulnar (DRU)

Palmar radioulnar (PRU)

Meniscus homologue (MH)

Intrinsic or intra-articular or interosseous ligaments

Proximal carpal row Scapholunate interosseous (SLI)

Lunotriquetral interosseous (LTI)

Distal carpal row Trapeziotrapezoid (TT)

Trapeziocapitate (TC)

Capitohamate (CH)
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together with the palmar scaphotriquetral liga-
ment (Palmar ST ligament) [6, 7]. The majority of
its fibers pass anterior to the waist of the scaphoid
to form the palmar capsule of the midcarpal joint.
The percentage of fibers that attach to the capitate
neck varies. Berger [1, 4] estimated that only
10 % of its fibers actually insert into the palmar
cortex of the capitate. The remaining fibers
course ulnarly interdigitating with fibers from the
ulnocapitate and triquetrocapitate ligaments to
form the arcuate (deltoid or V) ligament[4, 8]. In
contrast to these findings, Buijze et al. [5, 6]
found that the bulk of fibers seem to insert mostly
on the capitate and do not seem to interdigitate
predominantly with fibers arching toward the
ulna and triquetrum.

The RSC is separated from the LRL ligament
by a deep division called the interligamentous
sulcus, which is more obvious intraarticularly.
This sulcus, between lunate and capitate, con-
stitutes a weak area of the joint capsule known
as space of Poirier. The RSC ligament is
approximately 1.4 mm thick, 29.8 mm long, and
5.1 mm wide [6].

A number of functions have been attributed to
this ligament: (a) Some of its fibers form a radial
collateral ligament [9], which is a controversial
ligament as its existence is disputed. The greatest
controversy is whether it is a separate ligament or
the most radial bundle of the RSC ligament,
(b) provides resistance to passive pronation of
the radiocarpal joint [10], (c) along with the other
palmar radiocarpal ligaments provides restraint
to dorsal translation of the carpus [11], (d) con-
strains ulnar translation of the carpus [4, 12, 13],
(e) stabilizes the distal pole of the scaphoid
[4, 10], and (f) acts as a fulcrum around which the
scaphoid rotates [14].

The force required for rupture of the radial
collateral region is approximately 100 N, com-
pared with approximately 150 N for rupture of the
radiocapitate region. Strain rates at rupture aver-
age approximately 125 % and 75 %, respectively
[4, 15].

Styloidectomy, depending on the size and
morphology, affects in different degrees the
origin of the palmar radiocarpal ligaments [16].
Great care must be taken to avoid damage to this
ligament in cases of scaphoid excision (proximal
row carpectomies, SLAC wrists) [17, 18].

Fig. 2.1 Schematic
(a) and cadaveric
(b) depiction of palmar
radiocarpal ligaments:
radioscaphocapitate (1),
long radiolunate (2),
radioscapholunate (Testut)
(3), short radiolunate (4)

Fig. 2.2 Palmar radiocarpal ligaments: Radioscapho-
capitate (1), Long radiolunate (2), Radioscapholunate
(Testut) (3), short radiolunate (4). The asterisk indicates
scapholunate ligaments. Scaphoid (S), lunate (L). With
permission from [157]
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Long Radiolunate Ligament (LRL ligament)

(Palmar Radiolunotriquetral Lig., Palmar

Radiotriquetral Lig.)

The LRL is a large capsular ligament that origi-
nates proximally from the palmar rim of the
scaphoid fossa of the distal radius, just ulnar to
the RSC ligament. The length, width, and
thickness of the LRL are approximately 16, 5.8,
and 1.2 mm, respectively [19]. The proximal
attachment of the LRL is partially overlapped by
the radioscaphocapitate ligament [20, 21]
(Fig. 2.3). It courses obliquely distally and uln-
arly anterior to the proximal pole of the scaphoid
and anterior to the SL joint, overlapping com-
pletely the volar scapholunate interosseous liga-
ment (SLI Ligament), to insert widely on the
palmar horn of the lunate [3]. The degree of
attachment to the lunate may vary between
individuals. Some authors [7, 22] have suggested
that this ligament continues ulnarly inserting to
the palmar surface of the triquetrum, between the
insertion of the palmar ulnotriquetral ligament
(UT ligament) proximally and the insertion of the
Palmar ST ligament distally, forming the radio-
lunotriquetral ligament. It has been supported
that only the fibrous stratum of the joint capsule
continues toward the triquetrum and not the
fibers of the ligament, thus the designations of
the radiolunotriquetral and radiotriquetral liga-
ments are misleading [3, 4].

Functions attributed to this ligament are: (a)
along with the short radiolunate, it functions as a
primary restraint to ulnar translocation of the
lunate [4, 23], (b) participates in the formation of
the antipronation sling, which is responsible for
the control of intracarpal pronation [10, 24].

Material property testing of the LRL ligament
shows that it ruptures at approximately 110 N of
applied force, with approximately 125 % strain
at rupture [15].

Radioscapholunate ligament (RSL ligament)

(Testut or Testut and Kuenz Ligament)

It is located between the LRL and short radi-
olunate ligament (SRL) ligaments, originating
from the prominence between the scaphoid and
lunate articular facets on the distal articular
surface of the radius (Figs. 2.1, 2.2, and 2.3).

Vertically oriented, it perforates the palmar joint
capsule inserting into the proximal and palmar
aspects of the scapholunate ligament [20, 25,
26]. It is approximately 0.7–1.2 mm thick,
8.3–9 mm long, and 2.5–4.8 mm wide [6, 20].
Its arthroscopic appearance is characterized as
intra-articular fat pad [27, 28].

Various studies showed that this ligament
presents a number of particularities:
(a) The RSL is morphologically distinguished

from the other palmar radiocarpal ligaments
by its loosely organized collagen fibers and
relatively high degree of vascularity [25].
The vessels originate from the radial carpal
arch, which is an anastomotic vessel
between the anterior interosseous and radial
arteries while the nerve fibers are terminal
branches of the anterior interosseous nerve
[4]. It is probably not a true ligament but a
neurovascular conduit to the SLI Ligament
with little mechanical integrity [29].

(b) The ligament possibly constitutes a fetal
remnant of a septum that temporarily
divides the radiocarpal joint into radiosca-
phoid and radiolunate clefts [4].

(c) Biomechanical studies showed that it is a
rather weak ligament failing at approxi-
mately 40 N of applied load, but with sub-
stantial elastic behavior and higher strain at
failure—approximately 175 % [15].

(d) Although its mechanical contribution is dis-
puted, it may be important to the functional

Fig. 2.3 Palmar radiocarpal ligaments: radioscaphocap-
itate (RSC), long radiolunate (LRL), radioscapholunate
(RSL), short radiolunate (SRL). R radius. With permis-
sion from [157]
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integrity of the wrist [26]. There is increasing
evidence that it plays a role as a mechano-
receptor monitoring the SL relationship, with
afferents through the anterior interosseous
nerve [4]. It is also a likely source for
synovial filtration, producing synovial fluid
and possibly resorbing metabolic waste.

Short Radiolunate Ligament (SRL ligament)

This ligament originates from the ulnopalmar
edge of the distal radius and inserts at the
junction of the proximal articular surface and the
nonarticular palmar horn of the lunate, proximal
to the insertion of the ulnolunate ligament (UL
ligament) [3] (Fig. 2.4). The length, width, and
thickness of the SRL are approximately 7.5,
10.6, and 1.2 mm, respectively [20]. The orien-
tation of its fibers is changed from fan shaped in
palmar flexion to longitudinal in dorsiflexion of
the lunate [3, 4]. Although its functional role has
not been fully clarified, it seems that it stabilizes
the lunate (and hence the proximal carpal row)
and prevents its volar, dorsal, and ulnar trans-
lation. The deficiency of the SRL is mainly
responsible for the dorsal subluxation of the
radiocarpal joint during the dorsal stress test of
the wrist, (Fig. 2.5a, b) while the SRL has been
considered the primary soft tissue restraint
against volar translation of the carpus [9]. Con-
sequently, fracture of the volar radial rim where
the SRL ligament is attached, could destabilize
the carpus leading to volar subluxation of the
wrist (Fig. 2.6).

The SRL and LRL ligaments remain intact
during a perilunate or lunate dislocation of the
wrist, except in cases where the lunate is extir-
pated to the volar surface of the radius.

2.1.2.2 Ulnocarpal Joint
The ulnocarpal ligaments form the anterior and
ulnar aspects of the ulnocarpal joint capsule [4].
These ligaments are responsible for maintaining
the stability of the ulnocarpal joint, ensuring a
correct axial alignment between the ulna and the
ulnar side of the wrist [30] and also play an
important role in the antero–posterior stability of
the ulnar carpus [31, 32] or a significant restraint

to dorso–palmar translation of the radiocarpal
joint [11]. In addition, being part of the

Fig. 2.4 The SRL ligament has been inverted from the
volar radial rim (asterisk). Arrow indicates the LRL
ligament (R radius, L lunate). With permission from [157]

Fig. 2.5 A lax or insufficient SRL ligament could be
responsible for dorsal subluxation of the radiolunate joint
(a), while slacking of the arcuate ligament leads to
subluxation of the lunocapitate joint during dorsal stress
test (b). With permission from [157]
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ligamentous components of the TFCC, they
contribute to the stability of the distal radioulnar
joint (DRUJ) [23, 33] (Figs. 2.7 and 2.8).

Rupture or elongation of the ulnocarpal lig-
aments may lead to supination deformity of the
ulnar carpus [34]. In perilunate dislocations, the
infrequent finding of ruptured ulnocarpal liga-
ments probably indicates a reverse path of injury
namely from ulnar to radial, while in cases of
radiocarpal dislocations the rupture of ulnocar-
pal ligaments leeds to progression of the injury
from ulnar translocation to multidirectional
instability [35].

Ulnolunate Ligament (UL ligament)

It is located in continuity with the SRL ligament
joining the formation of the volar capsule,

ulnarly of the lunate fossa. It originates from the
radial-most region of the volar radioulnar liga-
ment and coursing directly distally, attaches on
the volar edge of the lunate. This ligament
shows similar changes in shape as the SRL lig-
ament during dorsiflexion and palmarflexion of
the wrist. The precise function of the UL liga-
ment is not known, but it is reasonable to assume
that it mirrors the function of the SRL ligament,
proximally stabilizing the lunate during all
phases of wrist motion [4].

Material property studies reveal that the UL
ligament fails at approximately 175 N of applied
load at approximately 125 % strain [15]. The
length, width, and thickness of the UL ligament
are approximately 18, 2.3, and 0.7 mm, respec-
tively [20].

Fig. 2.6 Fracture of the ulnovolar radial rim, where the
SRL ligament attaches, could destabilize the wrist

Fig. 2.7 Schematic (a) and cadaveric (b) depiction of ulnocarpal ligaments: Ulnolunate (1), Ulnotriquetral (2),
Ulnocapitate (3), Volar radioulnar ligament (4) (asterisk short RL ligament)

Fig. 2.8 The ulnocarpal ligaments from the dorsal side
(wavy arrow), scapholunate ligament (black arrow),
lunotriquetral ligament (white arrow), dorsal radioulnar
ligament (asterisk) (S scaphoid, L lunate, T triquetrum,
R radius, U ulna). With permission from [157]
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Ulnotriquetral Ligament (UT ligament)

It is located ulnar to UL ligament and takes origin
from the volar radioulnar ligament. It courses
directly distally to insert into the proximal and
palmar surface of the triquetrum. Two perfora-
tions have been found to its substance: one dis-
tally, found in more than 70 % of normal adults,
leading to the pisotriquetral joint (pisotriquetral
orifice) and one proximally, called the prestyloid
recess that communicates with the ulnar styloid
process [1] (Fig. 2.9). These two perforations
constitute areas of ligamentous weakness, which
can lead to longitudinal split tears of the UT
ligament [36]. The medial border of the UT lig-
ament forms the ulnar and dorsal wall of the
ulnocarpal joint and the deep surface of the ECU
tendon sheath as it traverses the ulnocarpal joint.

There is no clear delineation between the
ulnolunate and ulnotriquetral ligaments, the
division between the two being made only by
their distal attachments [1].

Ulnocapitate Ligament (UC ligament)

The UC ligament is the only ulnocarpal ligament
that attaches directly to the fovea region of the
ulnar head. It passes distally across the ulno-
carpal joint, superficial to the UT and UL liga-
ments. It is therefore not visible from an intra-
articular perspective. Passing distally and ante-
rior to the junction between the other ulnocarpal
ligaments, at the level of lunotriquetral joint it
interdigitates with fibers from the palmar region
of the LT interosseous ligament. It courses
around the distal margin of the palmar horn of
the lunate, interdigitating with fibers from the
RSC ligament, forming an ‘‘arcuate’’ (deltoid)
ligament [4, 36]. As with the RSC ligament,
only approximately 10 % of the fibers of the UC
ligament actually attach to the body of the cap-
itate [1]. Proximal to the apex of the arcuate
ligament an area of weakness is located (space
of Poirier ), through which the midcarpal joint
dislocates in perilunate injuries. The UC liga-
ment may serve to reinforce the ulnocarpal joint
capsule and the LT joint, while disruption of the
UC ligament may have implications in the sta-
bility of the DRU joint [4].

There has been some confusion regarding the
origin of the ulnocarpal ligaments. Berger [1, 3]
argued that UL and UT ligaments take origin
from the volar radioulnar ligament, while the
UC ligament originates directly from the fovea
of the ulnar head. On the contrary, Moritomo
et al. [33] stated that all ulnocarpal ligaments
originate together at the fovea of the ulnar head
and at the base of the ulnar styloid process. He
supports that the discrepancy is due to the per-
spective view of the ligaments. Inspecting the
ligaments arthroscopically, their origin appears
to be along the volar radioulnar ligament. When
inspected from the palmar side on cadavers, the
ulnocarpal ligaments appear to converge into the
fovea. Probably arthroscopically seeing, only
part of the ligaments is visible and in fact the
fibers of these ligaments extend proximally
toward the fovea, although some fibers of the
ligaments blend with the volar radioulnar liga-
ment. However, it has been argued that the
attachment of the ulnocarpal ligaments to the
periphery of the TFC constitutes a phylogenic
modification, which is necessary in order to
increase the range of pronosupination without
impairing the ulnocarpal joint stability [1, 30].

Fig. 2.9 The radiocarpal and ulnocarpal joints from the
dorsal side. White arrows indicate the prestyloid recess
(proximally) and the pisotriquetral orifice (distally).
(DIC Dorsal intercarpal ligament, S scaphoid, L lunate,
T triquetrum, TFC triangular fibrocartilage disk). In this
specimen, rupture of the proximal LT ligament is evident.
With permission from [157]
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2.1.2.3 Midcarpal Joint

Scapho-Trapezium-Trapezoid Ligament

(STT ligament)

The STT ligament originates proximally from the
radiovolar aspect of the scaphoid tuberosity,
distal to the attachment of the RSC ligament.
Coursing distally, it fans out to form two variably
evident bands: the radial (scaphotrapezium) band
forms a V-shaped structure, which attaches to the
palmar and radial aspects of the trapezium. The
ulnar (scaphotrapezoid) band attaches to the
palmar surface of the trapezoid [1, 21, 37]
(Fig. 2.10). It is the main stabilizing structure of
the STT joint and is closely related to the sheath
of the flexor carpi radialis tendon. Many authors
[4, 38–40] studied clinically, experimentally and,
biomechanically the STT ligamentous complex
and made the following observations: (a) The
predominant role of the distal ligamentous com-
plex of the scaphoid over the SL ligament, which
is thought to be half as strong as the distal liga-
mentous complex of the scaphoid, has been
experimentally shown [38]. The existence of an
intact STT ligament explains the absence of
rotatory subluxation of the scaphoid in cases of
scapholunate dissociation. (b) Scaphoid tuberos-
ity fractures are equivalent to avulsion of the
scaphotrapezial ligament [39]. (c) The axis of

motion of the distal pole of the scaphoid passes
through the origin of the scaphotrapezial ligament
[39, 40]. (d) Although the exact function of the
STT ligament remains unclear, it is believed that
its principal function is to assist in maintaining
the scaphoid in a palmar-flexed attitude prevent-
ing it from lying horizontally (with SL complex
intact) [38], while it simultaneously minimizes
excessive scaphoid flexion [39]. (e) It has been
identified as an important secondary stabilizer of
the scaphoid [41, 42].

Material property studies demonstrate yield
strength of the STT ligament of approximately
150 N and a strain of failure at approximately
275 % [15].

Scaphocapitate Ligament (SC ligament)

The SC ligament is a strong band that obliquely
crosses the palmar midcarpal joint, coursing
immediately distal to the RSC ligament. It orig-
inates from the ulnar and volar side of the distal
pole of the scaphoid and inserts to the radial and
volar side of the capitate [4, 21] (Fig. 2.10). The
SC ligament functions as a stabilizer of the distal
pole of the scaphoid [4] and it may also con-
tribute as a constraint of midcarpal pronation
participating to the formation of the antiprona-
tion sling [24, 43]. A line connecting the origin of
the scaphotrapezium ligament and the SC liga-
ment is perpendicular to the interfacet ridge of
the distal scaphoid, indicating that they function
as collateral ligaments of a monoaxial articulation
[44], and consequently, are the only ligaments
guiding dart-throwing motion [45, 46]. The SC
ligament is approximately 2.2 mm thick, 14 mm
long, and 6.7 mm wide. It is the thickest ligament
attached to the scaphoid and has the largest
attachment surface area of all scaphoid ligaments
[6]. Material property studies have shown aver-
age yield strength of the SC ligament of
approximately 100 N and a strain of failure at
approximately 200 %.

Capitate–Trapezium Ligament

(CTm ligament)

The C–Tm ligament was found to originate from
the radiovolar aspect of the trapezium, just under
the flexor carpi radialis sheath and inserts directly

Fig. 2.10 Volar ligaments on the radial side of the
midcarpal joint. Scapho-trapezium-trapezoid ligament
(STT ligament) with its radial (1a) and ulnar band (1b);
scaphocapitate ligament (2) and capitate–trapezium
ligament (3)
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onto the volar waist of the capitate without any
attachment to the trapezoid (Fig. 2.10). The
anatomical description and its functional signif-
icance were made by Moritomo et al. [37]. This
ligament appears to deepen the socket of the STT
joint and serves as a labrum for the distal pole of
the scaphoid, reinforcing the palmar aspect of the
STT joint capsule. It was found to be highly
variable in its development. The width of the
C–Tm ligament ranges from 0 to 7.7 mm (aver-
age length, 3.3 mm). The development of C–Tm
ligament was directly correlated to the range of
scapholunate angle and the prevalence of
degenerative changes in the STT joint [37].

Triquetrocapitate Ligament (TC ligament)

The TC ligament attaches proximally to the volar
and radial edges of the triquetrum. It passes
obliquely distally and radially to contribute to the
ulnar half of the midcarpal joint capsule before
attaching to the proximal and ulnar half of the
capitate body (Figs. 2.11 and 2.12). Insufficiency
of the TC ligament contributes to the develop-
ment of ulnar or anteromedial midcarpal insta-
bility (CIND type) [47]. It may also contribute to
the constraint of midcarpal supination [4], while

it is involved in the formation of the antisupin-
ation sling [43]. The yield strength has been
estimated at approximately 110 N, with a yield
strain at approximately 60 %.

Triquetrohamate Ligament (TH ligament)

The TH ligament is the ulnar-most ligament of
the palmar midcarpal joint, originating proxi-
mally from the distal margin of the palmar
cortex of the triquetrum, just ulnar to the TC
ligament. It courses distally to attach to the
palmar cortex of the body of the hamate, just
radial to the base of the hamulus [48], with no
substantial insertion onto the proximal pole of
the hamate [3] (Figs. 2.11 and 2.12). The fibers
of the TC and TH ligaments are interdigitated
with the fibers of the UC ligament and together
form the ulnar limb of the arcuate ligament.
Nakamura et al. [49] described the anatomic
relation of the TC and the TH ligaments as
dependent on the type of lunate, whereby in type
I there is no medial hamate facet and in type II
there is a medial hamate facet. The relation
between the TC and the TH ligaments was
classified into three types. In type A, the TC
ligament is completely separate from the TH
ligament; in type B, the TC ligament overlaps
the TH ligament; and in type C, the TC ligament
has an additional ligament from the triquetrum
to the proximal pole of the hamate. Eighty-two

Fig. 2.11 Volar ligaments on the ulnar side of the
midcarpal joint: triquetrocapitate (1), triquetrohamate
(2), palmar scaphotriquetral (3)

Fig. 2.12 Anatomical specimen indicating: triquetro-
capitate ligament (arrow); triquetrohamate ligament
(asterisk); (C capitate, L lunate, T triquetrum, H
hamate, and R radius). With permission from [157]
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percent of type I lunates are associated with a
type A relation between the TC and the TH
ligaments, and 96 % of type II lunates are
associated with a type C relation between the TC
and the TH ligaments.

Palmar scaphotriquetral ligament (Palmar ST

ligament)

There were reports of the existence of this lig-
amentous structure by Gunther in 1841 and
Poirier et.al in 1908, (quoted by Sennwald [8]),
while a more accurate description was made by
Sennwald et al. [50].

Its attachment to the triquetrum is substantial
and more distinct and lies between the attach-
ments of the TC and LT interosseous ligaments.
It courses horizontally spanning the midcarpal
joint and inserts to the scaphoid with a thin and
fan-shaped attachment, with its fibers interdigi-
tating with those of the RSC ligament
(Fig. 2.11). The palmar ST ligament may be
considered an integral part of the midcarpal
arcuate ligament formed by the RSC and UC
ligaments [4]. With the wrist in dorsiflexion the
palmar ST ligament tightens, while in palmar-
flexion it slackens. Radioulnar deviation does not
alter the tension of the ligament. Although its
function needs further investigation, it is postu-
lated that it supports the head of the capitate
during dorsiflexion of the wrist, acting as volar
labrum for the lunocapitate joint [51]. It is also
speculated that widening of the SL joint during
dorsiflexion of the wrist, may only be possible
when the palmar ST ligament is torn [50].

2.1.3 Extrinsic or Capsular Ligaments:
Dorsal Surface

Until recently, emphasis was given to the
description and functional significance of the
palmar ligaments of the wrist. In addition,
the dorsal ligaments of the wrist were generally
neither preserved nor repaired during or after a
dorsal approach to the wrist joint [21]. In recent
years, much interest has been focused on ana-
tomic varieties and functional significance of
dorsal carpal ligaments. The dorsal radiocarpal
joint is reinforced by a single ligament which
bridges the ulnar half of the dorsal capsule,
while the radial half of the radiocarpal joint
capsule lacks any ligament reinforcement, thus
leaving the proximal pole of the scaphoid and
scapholunate joint uncovered. Viegas et al. [52,
53] described the ‘‘lateral V configuration’’ of
the dorsal intercarpal and dorsal radiocarpal
(DRC) ligaments. They stated that these two
ligaments together act effectively as a dorsal
radioscaphoid ligament that has the ability to
vary its effective length threefold by changing
the angle between the two arms of the V, such
that the intersection angle between them at the
triquetrum is acute in extension and becomes
almost orthogonal in wrist palmarflexion. This
ligamentous arrangement allows normal carpal
kinematics while maintaining its indirect dorsal
stabilizing effect on the scaphoid throughout the
range of motion of the wrist. (Fig. 2.13a, b).
Both dorsal ligaments, (DRC and DIC), have
also been described as the dorsal V ligament [8].

Fig. 2.13 Change in the configuration of the dorsal V
ligament (dorsal radiocarpal and midcarpal ligaments)

during wrist palmarflexion (a) and dorsiflexion (b),
provides indirect stability to the scaphoid [52] (S scaphoid)
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2.1.3.1 Radiocarpal Joint

Dorsal Radiocarpal Ligament (DRC ligament)

(Dorsal Radiotriquetral Lig., Dorsal

Radiolunotriquetral Lig.)

The DRC ligament originates from the ulnar and
dorsal portions of the distal end of the radius just
distal and ulnar to the Lister’s tubercle. It
courses obliquely distally and ulnarly and inserts
on the dorsal tubercle of the triquetrum. During
its course it was found to have an osseous
attachment onto the distal ulnar aspect of the
dorsal lunate and dorsal portion of the lunotri-
quetral interosseous ligament (LTI ligament)
[4, 20, 21]. The DRC ligament forms the floor of
the fourth, fifth, and sixth extensor tendon
compartments [3].

The DRC ligament morphology presents
itself with many anatomical varieties [5]. It has
been described as being formed by two compo-
nents: a superficial radiotriquetral band and a
deep radiolunotriquetral ligament, which inter-
mingles with fibers of the lunotriquetral liga-
ment [54]. Shaaban and Lees [55] showed that
the DRC ligament consisted of two distinct
parts. The ulnar part is more superficial and
arises from the distal part of the interosseous
border of the radius. It runs obliquely distally
and ulnarward, over the distal ulna to attach to
the lunate and triquetrum. On its course, the
DRC ligament blends with the underlying dorsal
radioulnar ligament. The radial part of the DRC
ligament is deeper and arises from the posterior
edge of the distal border of the radius and runs
nearly horizontally and ulnarwards to attach to
the lunate and triquetrum.

Mizuseki and Ikuta [56] and subsequently
Viegas et al. [52, 53] classified the DRC liga-
ment into four subtypes according to its mor-
phology, while Smith [57] using three-
dimensional Fourier transform MR imaging
techniques, differentiated the DRC ligament into
two subtypes. A common feature of all these
subtypes is that there are forms of DRC ligament
with deltoid fibers covering the dorsal aspect of
the proximal scaphoid, which may offer some
dorsal support to the scaphoid (Fig. 2.14).

The reported functions of the DRC are:
(a) The DRC ligament having an oblique

direction (like the palmar RC ligaments)
serves to constrain ulnar translocation of the
carpus [4, 13].

(b) It functions as a stabilizer and pronator of
the wrist. When the forearm pronates, the
DRC ligament draws the attached carpus
and hand passively into pronation [22].

(c) It has been stated that the DRC ligament
provides resistance to passive supination of
the radiocarpal joint [10], thus participating
in the formation of the antisupination sling.

(d) Sectioning the DRC ligament alters sca-
phoid and lunate kinematics during dynamic
wrist motion and this angular change in
carpal kinematics can vary up to 8� [58].

(e) The attenuation or disruption of the DRC
ligament have been implicated in the

Fig. 2.14 The dorsal carpal ligaments: Dorsal radiocar-
pal ligament (1). The faint ligamentous drawings on
either side of the main ligament have been described as
variations: (1a) [55] and (1b) [53, 56]. Dorsal intercarpal
ligament (2): It is consisted of a proximal thicker part
(dorsal scaphotriquetral ligament) which is attached
consistently to the dorsal lunate and scaphoid and a
thinner distal part with inconsistent osseous attachments
to the capitate, trapezoid, and trapezium [52, 57]
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development of a static VISI deformity,
either as a CIND instability [59] or as a
complex instability (combination of CID
and CIND instabilities), when associated
with rupture of the LTI ligament [59, 60].

(f) The superficial ulnar part of the dorsal radi-
ocarpal ligament may play a role in the
stabilization of DRUJ and supporting its
capsule, especially in extreme pronation [55].

2.1.3.2 Midcarpal Joint

Dorsal Intercarpal Ligament (DIC ligament)

The osseous attachments of the DIC ligament
have been described by a number of authors
using anatomical dissections [3, 4, 52, 54], 3-D
Fourier transform MRI techniques [57] or a
combination of dissection, CT imaging, and a
3-D digitization technique [20, 61]. Depending
on the size of development, osseous attach-
ments, and morphology, Viegas et al. [52]
identified three types of DIC, while Smith [57]
recognized four types which are comparable.
The fact is that the DIC ligament originates from
the dorsal surface of the triquetrum interdigi-
tating with the fibers of DRC ligament. Coursing
radially, it is constituted of a thicker portion,
which inserts on the dorsal groove of the sca-
phoid and a thinner arm, which inserts onto the
dorsal trapezium and trapezoid. The proximal
thicker branch augments the dorsal regions of the
LT and SL interosseous ligaments, also having
osseous attachments to the dorsal lunate and
scaphoid. This proximal thicker band is called
dorsal scaphotriquetral ligament [4] and proba-
bly has an important role in the transverse sta-
bilization of the proximal carpal row [3, 54]. It
may also function as a labrum for the head of the
capitate and the proximal pole of the hamate
dorsally, deepening the midcarpal joint, just as
the Palmar ST ligament does volarly [3, 4]
(Fig. 2.14). The width of this ligament is incon-
stant, causing it to be frequently confused with
the DIC ligament [62]. Recently, the osseous
attachment of the DIC ligament on the scaphoid
gained particular functional significance [63].
The most dorsal and ulnar nonarticulating part of

the scaphoid, where the dorsal SL interosseous
ligament and the proximal fibers of the DIC
ligament attach, is called scaphoid apex . It is
argued that carpal instability following scaphoid
nonunion is closely related to whether the frac-
ture line passes distal or proximal to the scaphoid
apex [64]. Moritomo et al. [19] stated that there
are two clear patterns of the interfragmentary
motions of the scaphoid, based on the fracture
location: the unstable (mobile) type scaphoid
nonunion, where the fracture is located distal to
the scaphoid apex and the stable type, where the
fracture is located proximal to the scaphoid apex
[19].

Its dimensions were calculated, using CT and
an imaging cryomicrotome, and it was found to
be approximately 1.2 mm thick, 32.6 mm long,
and 6.3 mm wide [6].

Viegas et al. [52] suggested that the mechan-
ical strength of the DIC ligament is 115.0
± 57.2 N and that the combined mechanical
properties of the DIC and the dorsal SLI Liga-
ment have mechanical strength (162.4 ± 64.7 N)
comparable with the DRC (143.3 ± 41.5 N).

Significant observations related to the DIC
ligament are the following:

(a) The utilization of the DIC ligament for
dorsal capsulodesis of the scaphoid in cases of
scapholunate dissociation, as opposed to the
traditional Blatt’s capsulodesis which tethers the
scaphoid to the distal radius and predictably
leads to limitations in wrist flexion. The DIC
ligament capsulodesis has been used by
detaching the ligament off its insertion on the
trapezoid and trapezium and tied to a bony
trough on the dorsal surface of the distal pole
of the scaphoid [65, 66]. The technique assumes
that a substantial part of the DIC ligament is
attached to the trapezio-trapezoid bones. Alter-
natively, the proximal part of the DIC ligament
could be detached from the triquetrum and
transferred to the distal radius after the reduction
of the scaphoid malalignment [67]; (b) the need
to reattach the DIC ligament to the dorsal pole of
the scaphoid and lunate as well as the dorsal
portion of the SL ligament in cases of static DISI
[52, 68, 69]; (c) the surgical approach to the
dorsum of the wrist that spares both the dorsal
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radiocarpal and intercarpal ligaments [4, 70] or
the concomitant ligament and nerve sparing
approach [71]; and (d) having an important role
in the transverse stabilization of the proximal
carpal row and being part of the ligamentous
arrangement which constitutes the antipronation
sling, there is often a need for substitution of the
DIC ligament, using tendon grafts [24].

2.1.4 Intrinsic Ligaments

2.1.4.1 Interosseous Ligaments
of the Proximal Carpal Row

The scapholunate and lunotriquetral interosseous
ligaments of the proximal carpal row are both
C-shaped spanning the dorsal, proximal, and
palmar margins of their respective joint spaces
[48]. Their integrity is essential for maintenance
of normal carpal kinematics. The thickest and
strongest region of the scapholunate ligament is
located dorsally, while that of the lunotriquetral
ligament is located palmarly [72, 73]. This con-
struction seems to support the ‘‘balanced lunate’’
concept [73], meaning that the lunate is under the
influence of two opposite moments (scaphoid
flexion and triquetral extension) which counter-
act each other (Fig. 2.15).

Scapholunate interosseous ligament

(SLI ligament)

The SLIL has been described as consisting of
three regions on the basis of macroscopic and
histological criteria: dorsal, proximal, and pal-
mar regions (Fig. 2.16). Bone insertions on both
the scaphoid and the lunate are limited to the
most proximal and superior parts of the articular
surface between the two bones [62]. The dorsal
and palmar regions have histologic organizations
consistent with true capsular ligaments, while the
proximal region is composed of fibrocartilage,
with few collagen fascicles [4]. The dorsal region
is the thickest of the three regions, it has a trap-
ezoidal shape and is composed of transversely
oriented collagen fascicles surrounded by con-
nective tissue, through which course vascular
and nervous bundles. It measures approximately

5–6 mm in proximal—distal length, 3–5 mm
long, and 2–4 mm thick. It is contiguous distally
to the dorsal scaphotriquetral ligament and mer-
ges proximally and indiscernibly with the prox-
imal region of the SL ligament. The proximal
region of the SL ligament can extend into the
scapholunate joint space with a triangular cross-
section, much like a knee meniscus. The proxi-
mal region is composed almost entirely of
fibrocartilage. It is approximately 1 mm thick,
4 mm long, and 11 mm wide [20]. The conti-
nuity of the proximal and palmar regions of the
SL ligament is interrupted by the RSL ligament
[3]. The dimensions of the palmar region vary

Fig. 2.15 The distal articular surfaces of the proximal
carpal row bones as seen from the midcarpal joint. The
distal parts of the scapholunate and lunotriquetral joint
spaces remain free from ligamentous attachments. White
arrows indicate the strongest regions of the scapholunate
(dorsal) and the lunotriquetral (volar) ligaments.
(S scaphoid, L lunate, T triquetrum). With permission
from [157]

Fig. 2.16 The scapholunate interosseous ligament as
seen from the radiocarpal joint. Dorsal region (black
arrows); Volar region (white arrows); proximal fibrocar-
tilaginous region (wavy blue arrows) (S scaphoid,
L lunate). With permission from [157]
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between 1 and 2 mm in thickness, 3–5 mm in
length, and 4–7 mm in width [20, 25, 62]. Its
fibers are obliquely oriented from the palmar rim
of the proximal scaphoid to the palmar rim of the
palmar horn of the lunate. This region of the
ligament is not visible because the LRL ligament
covers its palmar surface, while proximally and
dorsally it is covered by the RSL ligament.

The SLIL is a strong ligament often requiring
up to 300 N of distraction force to rupture. The
majority of distraction strength is found in the
dorsal region, the palmar region fails with 150 N
stress, and the proximal region can withstand
only a 25–50 N stress [4, 74]. Biomechanical
studies showed that the dorsal region is the most
critical for resistance to palmar–dorsal transla-
tion and distraction, but the palmar region is the
most important rotational constraint [62, 74].
The proximal fibrocartilage region appears
appropriate to accept compression and shear
loads (Fig. 2.17). Less than 20� of motion is
possible at the SL joint [29]. A number of bio-
mechanical studies have emphasized the
importance of the SLIL as the primary stabilizer
of the SL articulation and that its disruption
alters scaphoid and lunate kinematics, i.e., sca-
phoid flexion, scaphoid pronation, and lunate
extension [75, 76].

It is known that the dorsal and proximal
regions of the SLI ligament are the most acces-
sible regions through a dorsal wrist arthrotomy,
while it is impossible to approach the palmar
region of the scapholunate ligament without
compromising the palmar radiocarpal ligaments
through a palmar wrist arthrotomy [74].
Regardless of the above, some authors, believing
that the palmar region of the SLI ligament plays
an important role in the stability of the SL com-
plex, suggested the reconstruction of the palmar
part of the ligament alone [77] or in combination
with the dorsal part of the SLI ligament [78] or
substituted the palmar part with tendon graft in
cadavers [79]. Berger [74, 80] suggested that
for scapholunate dissociation, the operation is
unlikely to be successful with reconstruction of
the dorsal SLIL alone. In addition, there are
reports upgrading the mechanical [81] and sen-
sory [82] importance of the palmar SLI ligament.

Lunotriquetral interosseous ligament

(LTI ligament)

The LT ligament is divided histologically into
three regions, in a manner similar to the SL lig-
ament (Figs. 2.15 and 2.18). The dorsal and pal-
mar regions are composed of true ligaments, with
collagen fascicles, perifascicular spaces, small
blood vessels, and nerves. The proximal region
is composed of avascular fibrocartilage [4].
The palmar subregion of the LT ligament is the
thickest subregion (2.3 ± 0.3 mm) and the prox-
imal region is the thinnest (1.0 ± 0.2 mm); the

Fig. 2.17 Surgical finding of a patient, who reported
pain during loading of the wrist in dorsiflexion. Watson
test was negative. The dorsal SL ligament was intact
(arrow), while the proximal region was absent due to
chronic rupture (asterisk). (S scaphoid, L lunate). With
permission from [157]

Fig. 2.18 The lunate and triquetral bones from the
dorsal side. Lunotriquetral ligament (asterisk). With
permission from [157]
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dorsal subregion is intermediate (1.4 ± 0.2 mm)
[73]. The dorsal region is often reinforced with
fibers of the DRC and dorsal scaphotriquetral
ligaments.

The palmar region is strongly reinforced and
interdigitating with fibers from the UC ligament.
The proximal region, like the SLIL, resembles a
knee meniscus, often with a distally directed
apex extending into the LT joint space.

The material and constraint properties have
shown that the palmar component failure force
was 301 ± 36 N; the dorsal, 121 ± 4 2 N; and
the proximal, 64 ± 14 N [73].

Contrary to the SLIL, the palmar region of
the LTI is the most critical in constraining
mutual translation of the lunate and triquetrum,
whereas the dorsal region is the most important
rotational constraint.

Published reports have shown that isolated
complete sectioning of the LT ligament alters
the kinematics of the LT complex, but the
classic VISI deformity does not occur until both
the dorsal radiotriquetral (RT) and scaphotri-
quetral (ST) ligaments are compromised [4, 83].

2.1.4.2 Interosseous Ligaments
of the Distal Carpal Row

The four bones of the distal carpal row form three
interposed joints: trapezium-trapezoid, trapezo-
capitate, and capito-hamate joints. These joints
are principally constrained by ligaments that
simply span the joint space of two adjacent

bones. These joints are bridged by interosseous
ligaments and adjoin each other especially on the
palmar side (Fig. 2.19). These ligaments do not
span the entire proximal–distal dimension of the
joint, having only dorsal and palmar portions,
which tend to interdigitate with fibers from the
adjacent carpometacarpal joints [4].

It has been stated that the interosseous liga-
ments (especially their palmar regions) con-
necting the bones of the distal carpal row, are
crucial in providing transverse carpal stability
and that the flexor retinaculum has small con-
tribution to the transverse carpal stability [84].

Trapeziotrapezoid ligament (TT ligament)

The TT ligament is composed of dorsal and
palmar regions transversely spanning the dorsal
and palmar edges of the trapezium-trapezoid
joint space. Both regions are 1–2 mm thick and
up to 5 mm wide in the proximal–distal direc-
tion. The dorsal region forms the floor for the
ECRL tendon. The material properties of the
dorsal and palmar regions have been studied,
revealing yield strengths of 150 and 125 N,
respectively [15].

Trapeziocapitate Ligament (TC ligament)

The TC ligament is composed of dorsal, palmar,
and deep regions. The dorsal and palmar regions
are composed of flat sheets of true capsular lig-
ament (1–2 mm thick, 3–5 mm wide), spanning
the space between the two bones.

The deep region is situated entirely within the
joint space; it is cylindrical in shape and covers
the ‘‘notch’’ created in the articular surface of
the trapezoid and capitate. The deep component
substantially enhances the structural integrity of
the joint. Material property testing of the dorsal
and palmar regions of the TC ligament reveal
failure occurring at approximately 125 N indi-
vidually [15, 84].

Capitohamate Ligament (CH ligament)

The CH ligament, like the TC ligament, can be
divided into three regions—dorsal, palmar, and
deep. The dorsal region is thick (1–2 mm) and
broad and is transversely oriented, spanning the

Fig. 2.19 The proximal articular surfaces of the distal
carpal row. Arrows indicates the volar interosseous
ligaments of the distal carpal row. (H hamate, C
capitate, Td trapezoid, Tm trapezium). With permission
from [157]
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distal part of the capitohamate joint. The prox-
imal part of the joint is devoid of ligamentous
connections. The dorsal region was found to be
the principal stabilizing structure for palmar
rotation and palmar translation, as well as for
proximal and distal translation of the capitate
relative to the hamate. The palmar region is
similar to the dorsal, but is more continuous with
the other palmar interosseous ligaments. The
deep region was found to be short and very
strong while, because of its central location to
the joint, it acts as a pivot point for rotation at
the CH joint. It is most important in constraining
dorsal rotation and dorsal translation of the
capitate relative to the hamate. The coherence
between capitate and hamate was investigated
by Ritt [83], who found that the dorso–palmar
translational displacement averaged 0.9 and
0.5 mm, respectively, proximal–distal transla-
tional displacement averaged 0.8 and 0.4 mm,
respectively, and distractional displacement
averaged 0.3 mm. Material property studies
reveal that the deep ligament was strongest at
289 N, followed by the palmar at 171 M and the
dorsal at 133 N [83].

Therefore, the CH ligament and especially
the combined palmar and deep regions exhibit
the greatest strength contributing substantially
to the transverse stability of the distal row.

2.1.5 Ligaments of the Distal
Radioulnar Joint

2.1.5.1 Triangular Fibrocartilage Complex
The triangular fibrocartilage complex (TFCC)
separates DRUJ from the radiocarpal joint. The
term ‘‘TFCC’’ was invented by Palmer and
Werner [85]. The complex includes: the articular
disk (discus articularis) (Fig. 2.20), the dorsal
and palmar radioulnar ligaments, the meniscus
homologue (MH), and the extensor carpi ulnaris
sheath (the floor of which is often called the ulnar
collateral ligament) (Fig. 2.21). The TFCC orig-
inates from the distal rim of the radial sigmoid
notch and inserts on the fovea of the ulnar head
and the base of the ulnar styloid. The articular

Fig. 2.20 The distal radioulnar joint. The arrow indi-
cates the articular disk, which has been cut from the
sigmoid notch and lifted up. U ulnar head, T triquetrum.
With permission from [157]

Fig. 2.21 DRUJ from the dorsal side. The picture
indicates the close relationship of the ECU sheath with
the TFCC. The ECU tendon has been dislocated from its
sheath (curved arrow). The asterisk indicates the TFC
that has been lifted off its radius attachment. T trique-
trum, L lunate, U ulnar head, R radius. With permission
from [157]
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disk is a fibrocartilaginous biconcave structure,
interposed between the ulnar dome and the ulnar
aspect of the carpus. Although it has been deter-
mined that the thickness of the articular disk
proper is generally 1–2 mm, the thickness varies
inversely with positive ulnar variance [86].

The dorsal (DRU) and palmar (PRU) radio-
ulnar ligaments are composed of longitudinally
oriented bundles of collagen fibers that originate
and insert directly into the bone, while the cen-
tral articular disk is composed of fibrocartilage
that originates from the hyaline cartilage of the
distal radiolunate fossa [87, 88].

The DRU and PRU ligaments, contribute to
the formation of the extensor carpi ulnaris sub-
sheath and the ulnocarpal ligament complex,
respectively [3]. The DRU ligament is also
reinforced with ligamentous fibers originating
from the ulnar aspect of the distal radius. These
ligamentous fibers have been described as a
separate ligament (dorsal radial metaphyseal
arcuate ligament [48]), a component of the
dorsal radiocarpal ligament [55], or part of the
interosseous ligament of the forearm [89].

The DRU and PRU ligaments consist of
superficial components inserting directly onto
the ulna styloid and deep components inserting
more lateral, into the fovea adjacent to the
articular surface of the pole of the distal ulna
[90] (Fig. 2.22). The fibers of the superficial
component form an acute angle as they converge
on the ulna styloid from the medial radius. This
acute angle of attachment gives the superficial
TFC a poor mechanical advantage for guiding
the radio-carpal unit through an arc of prono-
supination. The deep components of the TFC
form an obtuse angle of attachment, much more
mechanically advantageous in stabilizing rota-
tion of the radius around the fixed ulna. The
deep components of the TFC have been referred
to by wrist investigators as the Ligamentum
subcruentum [30, 90, 91].

Two independent studies, that of Af Ekenstam
and Hagert [92], Schuind et al. [93], have created
confusion in the scientific community as to which
fibers (those of DRU or PRU ligament) tighten in
pronation and which tighten in supination,
because the results of their study were exactly the

opposite. The conflict ended in 1994 when Hagert
[94] recognized that both research groups were
correct but that each was examining a different
piece of the puzzle. Af Ekenstam and Hagert [92]
examined the deep fibers, while Schuind [93]
examined the superficial fibers of the ligaments.
Hagert [94] clearly stated that in forearm prona-
tion, the dorsal superficial fibers of the TFC must
tighten for stability, as do the deep palmar fibers
of the Ligamentum subcruentum. Conversely, in
supination, the palmar superficial TFC radioulnar
fibers (to the ulna styloid) tighten, as do the deep
dorsal fibers of the Ligamentum subcruentum,
making both theories correct.

The radius of curvature of the sigmoid notch
is 15 mm and its center correlates to the ulnar
styloid, while the radius of curvature of the ulnar
head is 10 mm and its center correlates to the
region of the fovea. This difference in the radius
of curvatures leads to both rotational and sliding
motions in the normal joint.

Hagert and Hagert [95] recently presented a
new perspective on the stability of the joint which
is correlated to the structural principle named
Tensegrity (A term derived from combining the
words tension and integrity; means that the
integrity of a structure depends on the balance of
tension and compression within it). The analogue
of this principle to the stability of DRUJ is that
‘‘the radioulnar ligaments have a spiral configu-
ration as they insert into a surface area, not one
single point, on the ulnar head. The helicoidal

Fig. 2.22 The superficial components of the dorsal (1a)
and volar (1b) radioulnar ligaments that are inserted to the
ulnar styloid; the deep components of the dorsal (2a) and
volar (2b) radioulnar ligaments, which are inserted to the
fovea of the ulnar head. Both components (1a and 2a)
constitute the dorsal radioulnar ligament, while both (2a and
2b) components constitute the volar radioulnar ligament
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bundles, in conjunction with the combined cen-
tric and epicentric insertions of the deep and
superficial radioulnar portions respectively, lead
to a continuous shift in the tension of various
portions of the ligaments. This continuous shift in
tension and compression constitutes the core of
DRUJ stability and is the essence of tensegrity’’.

The Meniscus Homologue (MH) is the soft-
tissue structure that emerged after the recession
of the ulnar styloid in hominoids [30]. The MH
has been described as a triangular soft tissue
structure located in the space between the me-
dioproximal aspect of the triquetrum and the
ulnar styloid process and the articular disk. It is
formed by well vascularized, loose connective
tissue, the inner surface of which is lined by
synovial cells. Although it has been considered
as an extension of the TFC [96] or as a true
collateral ligament [97], Berger [3] stated that the
impression of a ‘‘meniscus’’ is derived from
paracoronal sections of cadaver wrists, where the
section cuts were through the prestyloid recess,
where the UT ligament appears to form a distal
‘‘lip’’ covering the recess and that in any case it
does not denote any functional significance or
anatomic difference from surrounding tissue.

According to Ishii et al. [91]. the MH and the
prestyloid recess (the cavity adjacent to the ulnar
styloid) can be seen in three anatomic variations:
the narrow opening type in 74 % of specimens,
the wide opening type in 11 %, and the no
opening type in 15 %.

The TFC receives its blood supply from: (1)
the ulnar artery through its palmar and dorsal
radiocarpal branches and (2) the dorsal and
palmar branch of the anterior interosseous artery
[87, 98]. Interosseous vessels from the ulnar
head also enter the TFCC through the foveal
area. Small vessels penetrate the TFCC in a
radial fashion from the palmar, ulnar, and dorsal
attachments of the joint capsule and supply the
peripheral 10–20 % of the TFC. The central
80–85 % is avascular, with no vessels entering
the articular disk from the radius [87, 99].
Therefore, tears that occur in the center and
along the radial attachment of the disk, are not
likely to heal [98, 99].

The TFCC has been shown to have three
major functions:
1. The central part (articular disk) functions as a

cushion for the ulnar carpus carrying
approximately 20 % of the axial load of the
forearm.

2. The peripheral part (ligamentous) is the
major stabilizer of the DRUJ.

3. The ulnocarpal ligaments and the sheath of
the ECU contribute to the stability between
the ulnar head and the ulnar carpus.

2.1.6 Morphology and Ligamentous
Restraints of the Scaphoid

Many authors clearly demonstrated the varia-
tions in morphology of the carpal bones and
their articulations [100–102]. Normal carpal
kinematics relies on the complex interplay
between the arrangement of carpal ligaments
and carpal bone morphology [103], while the
ligamentous attachments of the scaphoid and the
shape of the bones with which it articulates, play
an important role [104, 105].

The morphological and morphometric fea-
tures of the scaphoid have been described in
radiographs [106], and in cadavers [107, 108].
Although the ligament attachments cover
9 ± 0.9 % of the total scaphoid surface area,
there is a lack of consensus on the anatomy of
the ligaments attaching to the scaphoid, while
interindividual variability of ligament insertions
and morphology, exists [5].

In vivo kinematic studies had previously
identified two distinct types of scaphoid motion
[109–111], which constitute two major theories
of carpal mechanics (row and column). In both
theories, the scaphoid is considered an essential
structure [104, 112], but the patterns observed
have not been related to anatomical variations in
the reviewed literature [113]. Fogg [113] in his
thesis correlated the anatomic variation in mor-
phology of the scaphoid and of the ligaments
attached to it, with the kinematic behavior of the
scaphoid. The two types of scaphoid are sum-
marized in Table 2.2.
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It is widely accepted that the ligamentous
restraints stabilizing the scaphoid are classified
into primary and secondary [41, 42, 58, 114–
116]. There is no consensus as to which liga-
ments are the primary and which are the sec-
ondary stabilizers. SLIL is considered as the
primary stabilizer of the SL joint and is sur-
rounded by several secondary stabilizers, each
insufficient to cause instability after isolated
disruption, but each is important in the mainte-
nance of normal SL kinematics and vulnerable
to attritional wear after complete disruption of
the SLIL [116]; this is thought to be the etiology
for delayed development of dorsal intercalated
segment instability (DISI) after isolated disrup-
tion of the SLIL. The relative importance of
each of these ligaments to SL stability has not
conclusively been established; however, the
status of the secondary stabilizers is particularly
important in choosing the method to treat the SL
instability.

As Scaphoid secondary stabilizers or the
second line of defense, the following have been
reported: the STT, RSC, SC, and the unique

V-arrangement of the DIC and DRC ligaments.
Probably the insertions of the DIC (dorsal
scaphotriquetral ligament) to the dorsal SLIL
and its osseous attachments to the dorsal lunate
and scaphoid should also be considered as pri-
mary stabilizers of the scaphoid.

In clinical settings, there are cases of rupture or
insufficiency of the primary ligamentous
restraints, while the secondary restraints are intact.
Such cases manifest with SL dissociation without
rotary subluxation of the scaphoid (RSS) (widen-
ing of the SL space, rupture of the dorsal SL lig-
ament, and normal SL angle) (Fig. 2.23a, b, c).
At the other end of the spectrum, there are cases
with insufficiency mainly of the secondary stabi-
lizers, while the primary stabilizers remain rela-
tively intact. Such cases manifest with RSS
without SL dissociation (foreshortened scaphoid
on posteroanterior radiographs with a positive ring
sign, increased SL angle, and the dorsal SL liga-
ment macroscopically intact) (Fig. 2.24a, b, c).
Finally, there are cases of concurrent injury of the
primary and secondary stabilizers which is man-
ifested with SL dissociation and RSS resulting

Table 2.2 Osseous and ligamentous characteristics of the two types of scaphoid

Type 1 scaphoid rotating/translating.
Row theory

Type 2 scaphoid flexing/extending. Column theory

Osseous morphology

Dorsal crest Single dorsal high crest Three dorsal low crests

Distal articular
surface

Large and elongated Small

Ulnar surface to
capitate

Large, elongated, and shallow Short and deep; Acts as fulcrum about which the
scaphoid is moved

Ulnar surface to
lunate

Smaller Larger

Length of scaphoid Longer Shorter

Tuberosity Prominent tuberosity Less distinct tuberosity

Ligamentous patterns

STT ligament V-shape with proximal apex V-shape with distal apex

Scaphocapitate lig Long and thin; radial scaphoid
attachment

Short and wide; ulnar scaphoid attachment

Dorsal intercarpal
lig

Trapeziotrapezoid radial attachment Scaphoid radial attachment

Radiocapitate lig. No scaphoid attachment
(Radiocapitate lig.)

Scaphoid attachment (Radioscaphocapitate lig.)
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Fig. 2.23 An example of injury of the primary liga-
mentous restraints of the scaphoid, while secondary
restraints are intact. Widening of the SL space (a),
normal SL angle (b), complete rupture of the dorsal SL
ligament (c)

Fig. 2.24 A case with insufficiency of the secondary
stabilizers while the primary stabilizers remain relatively
intact. Foreshortened scaphoid on P-A radiographs with a
positive ring sign (a), increased SL angle (b) and a
macroscopically intact dorsal SL ligament (c)
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either because the initial injury is extensive or
because to the initial limited ligamentous injury,
attritional wear or slackening of the remaining
ligaments is added (Fig. 2.25a, b, c).

2.2 Anatomy of the Joints

2.2.1 Radiocarpal Joint

The radiocarpal joint is a glenoid type of artic-
ulation consisting of two elements: (a) the
antebrachial glenoid, formed by the distal
articular surface of the radius in conjunction
with the TFC (Fig. 2.26) and (b) the carpal
condyle, formed by the convex proximal artic-
ular surfaces of the proximal carpal row bones.

The articular surface of the distal radius is
grossly triangular in shape with its apex toward
the radial styloid and its base next to the articular
cavity for the head of the ulna (sigmoid notch).
The radius has two articular facets (the scaphoid
and lunate fossae), separated by a cartilaginous
saggital ridge (the interfacet prominence). The
biconcave scaphoid fossa is triangular or oval
shaped and has a smaller radius of curvature than
that of the lunate fossa. The orientation of the
scaphoid fossa is 11� volar and 21� ulnar relative
to the long axis of the radius [14]. The lunate
fossa is quadrangular in shape, biconcave
although shallower, and less inclined toward the
ulnar side (15� average) than the scaphoid fossa
(30�). The volar lunate facet projects approxi-
mately 3 mm anterior to the flat volar surface of
the distal radius with narrow width (on average
\5 mm) [48]. The fracture of this bone protru-
sion (to which the SRL ligament attaches)

Fig. 2.25 A case of concurrent injury of the primary
and secondary stabilizers of the scaphoid. SL dissociation
(a), rotatory subluxation of the scaphoid (b) and com-
plete rupture of the SL ligament (c)

Fig. 2.26 The proximal part of the radiocarpal joint.
Scaphoid fossa (SF), lunate fossa (LF), triangular fibro-
cartilage disk (TFC), interfacet prominence (asterisk).
With permission from [157]
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destabilizes the wrist, while its fixation is difficult
with the usual volar plates (Fig. 2.27). The ra-
dioulnar and the dorso–palmar diameters of the
two articular surfaces are 4–5 and 1.5–2 cm,
respectively. The distal articular surface of the
distal radius is tilted in two planes. In the saggital
plane, there is an average 10� of tilt and in the
frontal plane there is an ulnar inclination aver-
aging 24� (19�–29�) [117] (Fig. 2.28).

The bones of the proximal row are joined at
their proximal edges by the interosseous liga-
ments forming a smooth biconvex surface.
Communication through these ligaments
becomes a normal feature at advanced ages [96].

The thickness of the articular cartilage of the
distal articular surface of the radius ranges
between 0.7 and 1.2 mm. There is a significant
difference in the size of the articular surfaces and
the degree of curvature between the opposing
articular surfaces of the radiocarpal joint. The
proximal articular surfaces of the scaphoid and

lunate are 60 % larger than the distal articular
surface of the radius. The curvature of the
proximal carpal row is 1.5 times greater than
that of the distal articular surface of the radius.

It has been postulated that differences in bony
anatomy of the radioscaphoid articulation may
affect the scaphoid stability after soft-tissue
injury. Larger curvatures of the scaphoid fossa
and proximal scaphoid as well as a deeper sca-
phoid fossa and a greater volar tilt of the radius,
are factors preventing instability despite any
ligamentous tears [118].

The joint capsule is reinforced by palmar and
dorsal capsular ligaments the inner side of which
appears resurfaced by synovial tissue. A number
of recesses, varying in size and shape, have been
described: (a) recessus prestyloideus, located
just palmar to the ulnar styloid process, (b)
recessus prescaphoideus, located proximal and
palmar to the scaphoid, (c) recessus preradialis,
located in front of the RSL ligament, and (d)
recessus pretriquetralis which acts as commu-
nication with the pisotriquetral joint.

2.2.2 Midcarpal Joint

From an anatomic point of view the midcarpal
joint may have the most complicated joint shape
in the human body. In a broad sense there are
three articulations: (a) the STT joint, (b) the
scapholuno-capitate joint, and (c) the triquetro-
hamate joint. The former is convex proximally
whereas the latter two are concave.

2.2.2.1 Scapho-Trapezium-Trapezoid
Joint

It is a glenoid type of joint that is formed from the
convex articular surface of the scaphoid and the
concave joints of trapezium-trapezoid. Moritomo
et.al [37] depending on the shape, recognized
three types of joint surfaces of the distal scaphoid
and in most cases (81 %) they found an interfacet
ridge on the joint surface of the distal scaphoid,
which is oriented in line with the trapezio-trap-
ezoid articulation (Fig. 2.29). This ridge was
classified into three categories according to its

Fig. 2.27 The projection of the volar lunate facet

Fig. 2.28 The ulnovolar inclination of the distal radius.
With permission from [157]
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development or lack of development and runs
obliquely from radiodorsal to ulnopalmar divid-
ing the distal surface of the scaphoid into two
facets [37]. They suggested that the orientation
of this obliquely oriented ridge guides STT joint
motion and coincides with the plane of dart-
throwing motion. On the contrary, it has been
suggested that the ridge is merely cartilaginous,
and therefore cannot resist such forces and they
considered the ridge as a result of wrist motion,
not a factor influencing motion [113].

2.2.2.2 Scapholunocapitate Joint
It is a ball and socket joint, formed by the con-
cave articular surfaces of the lunate and scaphoid
proximally and the convex articular surface of
the capitate and sometimes the proximal pole of
the hamate, distally. Two types of articular sur-
faces of the scaphoid that articulate with the
lunate and capitate have been identified. A large
lunate facet is coupled with a small, distal capi-
tate facet, while a small lunate facet is coupled
with a large, proximal capitate facet [106, 113].

In the MC joint, two types of lunates have
been identified based on their distal articular
surface: In type I lunates there is no medial
facet, while type II lunates have a medial facet
that articulates with the hamate. This is a dis-
tinctive facet with a ridge on the hamate

separating it from the triquetrohamate joint and
a ridge on the lunate separating it from the
capitolunate joint [100]. The lunate type was
determined using capitate–triquetrum (C-T)
distance. A type I lunate was defined as a C-T
distance B2 mm. A type II lunate was defined as
a C-T distance C4 mm [119].The size of the
medial facets in type II lunates ranges from 1 to
6 mm [120] and its incidence has been reported
to range from 46 to 73 % [100, 102, 120].

The clinical significance of the wrists with
type II lunates has been described by many
authors: (a) the kinematics of a type II lunate are
different from those of a type I lunate during
radial-ulnar deviation of the wrist [110, 121] and
the condylar double-facet midcarpal articulation
permits only flexion and extension of the prox-
imal carpal row, restricting radial translation
[151]; (b) arthritic changes at the proximal pole
of the hamate were more commonly associated
with the type II lunates (49 %) [49], while these
arthritic changes were also associated with LTI
ligament tears [100] (Fig. 2.30); (c) variations in
scaphoid motion of the wrists with lunate type II
may contribute to the development of STT
arthritis [119]; (d) type II lunates constitute an
anatomical factor predisposing to Kienbock’s
disease, because the loads applied to the

Fig. 2.29 The radial side of the midcarpal joint. The
STT ligament (red arrow); The interfacet ridge of the
distal scaphoid (double black arrows); (C capitate,
S scaphoid, Tm trapezium, Td trapezoid). With permis-
sion from [157]

Fig. 2.30 The midcarpal joint. A lunate type II is
apparent (double arrows) with arthritic changes of the
proximal hamate (white arrow) (S triquetrum, L lunate,
S scaphoid, H hamate, C capitate, Sm trapezium, Td
trapezoid). With permission from [157]
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radiolunate joint are supposed to be greater in
type II lunates than in type I [123], and (e) type
II lunate morphology is associated with signifi-
cantly decreased incidence of DISI deformity in
cases of established scaphoid nonunion [122].

2.2.2.3 Triquetrohamate Joint
It is a helicoid or screw shape joint, formed by
the distal surface of the triquetrum and the
proximal surface of the hamate (Fig. 2.31).
McLean et.al [124] suggested the existence of
two distinct TqH joint patterns, which have been
termed TqH-1 and TqH-2. A TqH-1 joint is a
helicoidal configuration. It is double faceted,
with the hamate and the triquetrum articular
surfaces possessing complementary concave and
convex parts. A TqH-2 joint has a predominantly
oval convex shape, whereas the primarily con-
cave triquetrum is better described as a dish for
the flatter hamate. It has no hamate groove or
distal ridge. There appears to be a spectrum of
variation between these two identifiable types.

2.2.3 Distal radioulnar joint (DRUJ)

DRUJ is a trochoid articulation, formed by the
ulnar head and the sigmoid notch of the distal
radius. The articular surface of the radius that

articulates with the ulna is called the sigmoid
notch. The sigmoid notch has a triangular shape
with a distal, a dorsal, and a palmar rim. The distal
rim separates the lunate fossa from the sigmoid
notch and is the site of insertion of the triangular
fibrocartilage disk. The portion of the ulnar head
that articulates with the sigmoid notch is referred
to as the ‘‘seat’’ and the articular surface in jux-
taposition to the proximal (undersurface) of the
TFCC is the ‘‘pole’’ (Fig. 2.32).

The arc of curvature of the sigmoid notch
ranges from 47� to 80�. Articular cartilage cov-
ers a much greater arc of the ulnar head, ranging
from 90� to 135�. The radius of curvature of the
sigmoid notch is 15 mm, compared to 10 mm
for the seat of the ulna. Thus, the ulnar head and
the sigmoid notch are obviously not congruent.
This incongruity between the radius of curvature
of the sigmoid notch and the ulnar head results
in: (a) Reduced articular contact between the
articular surfaces. At the neutral position,
approximately 60 % of the cartilage surfaces are
in contact, whereas at the extremes of prono-
supination only about 10 %, corresponding to an
area of 1–2 mm, are in contact [95]; (b) The
inherent instability of the joint necessitating the
existence of different stabilizing mechanisms
through intrinsic (intracapsular) as well as
extrinsic (extracapsular) structures. The intrinsic

Fig. 2.31 The ulnar side of the midcarpal joint. The
helicoidal shape of the articular surface of the hamate is
apparent. The volar triquetrocapitate ligament (red
arrow) (C capitate, H hamate, T triquetrum). With
permission from [157]

Fig. 2.32 The DRUJ from the dorsal side. (U ulnar
head, R radius). Sigmoid notch (asterisk). With permis-
sion from [157]
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stability is provided by the dorsal and palmar
radioulnar ligaments. Extrinsic stability is pro-
vided principally by the ECU tendon and sheath,
the superficial and deep heads of the pronator
quadratus and the interosseous ligament of the
mid-forearm [90]. The distal interosseous liga-
ment has variable thickness, ranging from 0.4 to
1.2 mm and when fully developed, constitutes
the distal oblique band (DOB), which has a
significant impact on DRUJ stability. Moritomo
[125] in a recent anatomical study found that the
DOB existed in 40 % of specimens and when
present, it originates from the distal one-sixth of
the ulnar shaft and runs distally to insert on the
inferior rim of the sigmoid notch of the radius;
(c) The combined motion of rotation and trans-
lation at the DRUJ, the articulating surfaces of
which allow 150� of motion in pronation and
supination of the forearm [87, 126, 127]. Bowers
[128] and Pirela-Cruz [129] documented a mean
palmar and dorsal translational motion of
2.2 mm, while the passive motion of the joint in
a dorso–palmar direction causes a translational
motion of 5.4 mm for palmar direction and
2.8 mm for dorsal direction. The translational
motion is dorsal in pronation and palmar in
supination [127], while according to Adams and
Holley [130], the translation occurs mostly at the
extremes of pronosupination.

In addition to the motions described, there
also exists an abduction–adduction movement
referred to, by Pirela-Cruz et al. [129], as dia-
static motion. This motion occurs because of the
cam-effect of the elliptical nature of the ulnar
head as rotation takes place. Finally, one other
motion of the DRUJ is the pistoning-type effect
that is observed during rotation of the forearm
and loading of the joint. Relative to the radius,
the ulna moves distally with pronation and
proximally with supination. With stress loading
of the wrist the ulna moves distally relative to
the radius [127].

The orientation of the articular surfaces of the
ulnar head and the sigmoid notch is also of
major clinical importance. Sagerman et al. [131]
have radiographically shown that the inclination
of these opposing articular surfaces is almost

never parallel, and is usually much different.
Relative to the long axis to the ulna, the ulnar
seat inclination averages 21� (range, -13.8� to
40.5�), while the sigmoid notch inclination
averages 7.7� (range, -24.3� to 26.8�). Conse-
quences of this observation are: (a) The com-
ponent of translation movement that
accompanies the rotation of the forearm can be
attributed, to some degree, to a difference in the
degree of inclination, apart from the difference
in the radii of curvature of the opposing articular
surfaces; (b) Because of the wide variation
between the inclination of the sigmoid notch and
ulnar seat, symptomatic articular incongruity
can occur following joint leveling procedures.
Tolat [132] reports three basic configurations of
the DRUJ, depending on the orientation of the
articular surfaces: The vertical type (I) (38 %),
the oblique type (II) (50 %), and the reverse type
(III) (12 %) (Fig. 2.33a, b, c).

The role of the DRUJ capsule has been
clarified by Kleinman and Graham [133]. They
observed that the inferior capsule is strong and
durable and may be involved in the stability of
the joint. The volar and dorsal aspects of the
capsule are compliant and accept the ulna head
as the radiocarpal unit rotates and translates
through the pronosupination arc. The contraction
of this part of the capsule plays an important role
in limiting the rotation of the forearm.

Ishii et al. [134] measured the pressure dis-
tribution within the DRUJ with axial loads
applied to the wrist in varying degrees of fore-
arm rotation. They found that: (a) by increasing
application of an axial load across the wrist, the
average area of the sigmoid notch in contact
with the ulnar head also increased, and (b) In
pronation, there is compressive loading between
the dorsal sigmoid notch and the ulnar head; in
supination there is compressive loading between
the palmar sigmoid notch and the ulnar head.
This was confirmed by Bowers [135] who
claimed that on the extreme positions of prona-
tion-supination, part of the stability of the joint
can be attributed to the compression of the
dorsal or volar rim of the sigmoid notch and the
ulnar head.
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2.3 Vascularity of the Wrist

The blood supply to the wrist is provided by an
extrinsic and an intrinsic vascular system. The
extrinsic blood supply is developed through
branches of the radial, ulnar, and anterior inter-
osseous arteries, which form an arcade of anas-
tomosing branches that produce three dorsal and
three palmar arches:

(a) The dorsal and palmar radiocarpal arches;
(b) The dorsal and palmar intercarpal arches;

and
(c) The dorsal basal metacarpal and the deep

palmar arches (Figs. 2.34 and 2.35).
Gelberman et al. [136–138] found that on the

dorsal surface, the largest and most consistent
arch is the intercarpal arch, which provides the
major blood supply to the distal carpal row and
contributes to the vascularity of the lunate and
the triquetrum. The next largest arch, the radi-
ocarpal arch, was present in 75–80 % of the
specimens. It supplies the distal radial meta-
physic, as well as the lunate and the triquetrum
from the dorsum. The basal metacarpal arch was
often tenuous and was present in only 27 % of
the specimens.

On the palmar surface, both the palmar radi-
ocarpal arch and the deep palmar arch were
present in 100 % of all specimens while the
intercarpal arch was present in only 53 %. The

Fig. 2.34 Schematic drawing of the dorsal arterial
network. With permission from [157]

Fig. 2.33 The three basic configurations of the DRUJ
depending on the orientation of the articular surfaces,
according to Tolat [132] (a, b, c). With permission from
[157]
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palmar radiocarpal arch provides the major blood
supply both to the lunate and to the triquetrum
from the palmar surface. The deep palmar arch
supplies the distal carpal row by way of radial
and ulnar recurrent arteries (present in 100 %)
and via the accessory ulnar recurrent artery (in
27 %). The intercarpal arch is small and incon-
sistent, and in no case does it make a significant
contribution to the carpal bones.

The superficial palmar arch and the posterior
interosseous artery do not appear to provide any
substantial contribution to the vascular supply of
the wrist. However, with their multiple vascular
anastomoses, they provide significant collateral
circulation to the wrist [136, 137].

The radial artery forms the lateral border and
the ulnar artery forms the medial border of this
system. The anterior interosseous artery has a
palmar and dorsal division that form at the
proximal border of the pronator quadrates. The
dorsal division extends distally on the interos-
seous membrane to the carpus, where it joins the

dorsal carpal arch that provides vascular supply
to the proximal carpal row. The palmar division
continues deep into the pronator quadrates and
bifurcates into branches that communicate with
the palmar radiocarpal arch supplying the lunate
and the triquetrum, and finally enters the RSL
ligament [139].

All but three carpal bones receive blood
vessels directly from the dorsal and palmar
arches: the scaphoid, pisiform, and trapezium
have direct blood supply from the radial and
ulnar arteries.

Panagis et al. [140] and Gelberman and Gross
[137] classified the carpal bones into three
groups on the basis of the number and location
of nutrient vessels, the presence or absence of
intraosseous anastomoses, and the dependence
of large areas of bone on a single vessel. The
clinical significance of the various groups is
based on the risk of posttraumatic avascular
necrosis for the bones in each group:

Group I (Scaphoid, Capitate, and 8 % [137]
or 20 % [139] of the lunates). Includes carpal
bones which either have vessels entering from
only one surface, or large areas of bone that are
dependent on a single vessel. This group is the
most vulnerable to posttraumatic avascular
necrosis.

Group II (Hamate, Trapezoid). Includes
carpal bones, which have two or more areas of
vessel entry but lack significant anastomoses
within the entire or a major part of the bones.
Specific injuries can compromise their blood
supply.

Group III (Trapezium, triquetrum, pisiform,
and 80 % [139] or 92 % [137] of the lunates).
Includes carpal bones, which have two or more
areas of vessel entry and consistent intraosseous
anastomoses.

Vascularity of the scaphoid [136, 141]: The
scaphoid receives its vascular supply mainly
from the radial artery. Vessels enter dorsally and
palmarly in the limited areas that are nonartic-
ular of ligamentous attachment.

The palmar vascular supply is responsible for
20–30 % of the internal vascularity, all in the
region of the distal pole. The palmar vascular
supply is provided by: (a) the superficial palmar

Fig. 2.35 Schematic drawing of the volar arterial net-
work. With permission from [157]
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branch, which at the level of the radioscaphoid
joint is giving off the radial artery and (b) sev-
eral smaller branches that are coursing distal to
the origin of the superficial palmar branch to
enter through the region of the tubercle. In 75 %
of specimens, these arteries arise directly from
the radial artery and in the remainder, they arise
from the superficial palmar branch of the radial
artery.

The dorsal vascular supply to the scaphoid
accounts for 70–80 % of the internal vascularity
of the bone, and supplies the waist and the
proximal pole of the bone. The major dorsal
vessels to the scaphoid enter the bone through
small foramina located on the dorsal ridge. At
the level of the intercarpal joint, the radial artery
gives off the intercarpal artery, which partici-
pates in the formation of the dorsal intercarpal
arch. Just proximal to the origin of the inter-
carpal artery, at the level of the styloid process
of the radius, a vessel is given off to enter the
scaphoid through its waist along the dorsal ridge.
In 70 % of specimens, the dorsal vessel arises
directly from the radial artery. In 23 %, the
dorsal branch has its origin from the common
stem of the intercarpal artery. In 7 %, the sca-
phoid receives its dorsal blood supply directly
from the branches of the intercarpal artery and
the radial artery. In all specimens, there are
consistent major communications between the
dorsal scaphoid branch of the radial artery and
the dorsal branch of the anterior interosseous
artery. It has been stated [38] that the vessels
enter through the dorsal ridge in 79 %, distal to
the waist in 14 %, and proximal to the waist in
7 % of specimens. The fact that in 14 % of
specimens the blood supply enters distal to the
waist means that approximately one out of seven
specimens would have shown a significant loss
of blood supply to the proximal pole following a
fracture through the waist [2, 142].

Vascularity of capitate [139, 141]: The
capitate receives its vascularity from dorsal and
palmar sources. Most arteries enter the capitate
distally and follow a retrograde proximal course
to supply the rest of the bone. The main (dorsal)
vascularity originates from vessels of the dorsal

intercarpal and dorsal basal metacarpal arches.
The palmar vascular supply arises from anasto-
mosing branches of the recurrent ulnar artery,
palmar radiocarpal arch, and deep palmar arch.
In the majority of specimens (67 %) the dorsal
vessels supply the major part of the capitate. In
33 % of specimens, the vascularity to the capi-
tate head originates entirely from the palmar
surface. There are notable anastomoses between
the dorsal and the palmar blood supplies in 30 %
of specimens. In the remainder there are no
anastomoses seen.

Vascularity of the lunate [141, 143]: The
lunate receives its blood supply from both pal-
mar and dorsal sources or from the palmar
aspect alone. The vessels entering the dorsal
surface are from branches of the dorsal radio-
carpal arch, the dorsal intercarpal arch, and
occasionally from smaller branches of the dorsal
branch of the anterior interosseous artery. In
80 % of specimens, the lunate receives nutrient
vessels from the palmar and dorsal surfaces. In
20 % of specimens, it receives nutrient vessels
from the palmar surface alone. There are three
major intraosseous patterns, which are formed in
the shape of the letters Y, I, or X. (Fig. 2.36).

The Y pattern is the most common, occuring
in 59 % of specimens studied. The stem of the Y
occurs dorsally or palmarly, with equal
frequency.

Fig. 2.36 Patterns of intraosseous vascularity of the
lunate and the frequency of their appearance according to
Gelberman et al. [143]. With permission from [157]
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The I pattern occurs in 31 % of specimens,
and consists of one dorsal and one palmar vessel
that anastomose in a straight line.

The X pattern occurs in 10 % of specimens,
consisting of two dorsal and two palmar vessels
that anastomose in the center of the lunate.

Vascularity of the trapezoid [140]: The tra-
pezoid is supplied by branches of the dorsal
intercarpal, the basal metacarpal, and the radial
recurrent artery. The nutrient vessels enter the
trapezoid through its two nonarticular surfaces
on the dorsal and palmar surfaces. Three or four
small vessels enter the dorsal surface to supply
the dorsal 70 % of the bone. These dorsal ves-
sels provide the primary vascularity of the
trapezoid. From the palmar surface one or two
small vessels supply the palmar 30 % of the
bone. The palmar vessels do not anastomose
with the dorsal vessels.

Vascularity of the hamate [2, 141]: The vas-
cularity of the hamate is supplied by the dorsal
intercarpal arch, the ulnar recurrent artery of the
deep palmar arch, and the ulnar artery. The vessels
enter through the three nonarticular surfaces of the
hamate, which include the dorsal, the palmar, and
the medial surface through the hook of the hamate.
The dorsal surface receives three to five vessels
from the dorsal intercarpal arch which supply the
dorsal 30–40 % of the bone. The palmar surface
usually receives one large vessel that enters
through the radial base of the hook. It then branches
and anastomoses with the dorsal vessels in 50 % of
the specimens studied. The hook of the hamate
receives one or two small vessels that enter through
the medial base and tip of the hook. These vessels
anastomose with each other but usually not with
the vessels to the body of the hamate.

Vascularity of the trapezium: The vascu-
larity of the trapezium is by vessels from the
distal branches of the radial artery. Nutrient
vessels enter the trapezium through its three
nonarticular surfaces: dorsal, radial, and palmar.
Dorsally, the vascular supply predominates and
one to three vessels enter and supply the entire
dorsal aspect of the bone. Palmarly, one to three
vessels enter and anastomose with the vessels
entering through the dorsal surface. Radially,
three to six small vessels penetrate the lateral

surface and anastomose with the dorsal and
palmar vessels.

Vascularity of the triquetrum: The trique-
trum receives its blood supply from branches
from the ulnar artery, the dorsal intercarpal arch,
and the palmar intercarpal arch. Nutrient vessels
enter through its two nonarticular surfaces on the
dorsal and palmar aspects. Two to four vessels
enter the dorsal ridge of the bone and supply the
dorsal 60 % of the triquetrum. From the volar
surface, one or two vessels enter proximal and
distal to the facet that articulates with the pisi-
form and supply the palmar 40 % of the bone.
The dorsal vessels provide the primary vascu-
larity for the triquetrum in 60 % of the speci-
mens while the palmar vessels constitute the
main vascularity in 20 % of specimens. Signif-
icant anastomoses between the dorsal and pal-
mar vascular networks have been found to be
present in 86 % of specimens studied.

Vascularity of the pisiform: The pisiform
receives one to three small vessels directly from
the ulnar artery entering the bone at the proximal
and distal poles. Vessels anastomose with each
other just beneath the articular surface of the
pisiform, assuming a vascular ring pattern that is
consistently seen in all specimens.

2.4 Innervation of Wrist Ligaments

The innervation of the wrist joint capsule has
been identified largely by reports associated with
surgical denervation of the wrist for chronic pain
[144–147].

The main innervation to the wrist capsule
derives from the anterior interosseous nerve,
lateral antebrachial cutaneous nerve, and pos-
terior interosseous nerve. Other minor sources of
capsular innervation include: The palmar cuta-
neous branch of the median nerve, the deep
branch of the ulnar nerve, the superficial branch
of the radial nerve, and the dorsal branch of the
ulnar nerve [148].

The terminal branch of the posterior inter-
osseous nerve innervates the dorsal capsules of
the radiocarpal and midcarpal joints as well as
the dorsal wrist ligaments. It also innervates the
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dorsal capsules of the second, third, and fourth
CMC joints [149]. It is considered to be the
major dorsal source of innervation of the wrist.
Minor contributions are also provided by the
terminal branches of the dorsal sensory radial
and ulnar nerves [71].

The terminal branch of the anterior interos-
seous nerve innervates the central two-thirds of
the volar wrist capsule. Buck-Gramcko [149],
however, defined this zone of innervation
extending distally to include the palmar mid-
carpal joint and the central CMC joints.

The lateral antebrachial cutaneous nerve
innervates the radial aspects of the radiocarpal
and midcarpal joints and the first CMC joint
[148, 150]. Other branches contributing less to
the volar capsular innervation include the volar
cutaneous branch of the median nerve and the
deep branches from the ulnar nerve [71, 148].

The innervation to DRUJ and TFCC appears to
be threefold, with the dorsal region (dorsal DRUJ
capsule, DRU ligament, and dorsal ulnocarpal
capsule) primarily innervated by branches of the
posterior interosseous nerve, the ulnar region
(MH, foveal attachment of the TFC, prestyloid
recess, and UT ligament) primarily by articular
extensions of the dorsal sensory branches of the
ulnar nerve, and the volar region (volar DRUJ
capsule, PRU ligament, and UL ligaments) by
branches from the ulnar nerve [151, 152].

Recent investigations disputed the role of
carpal ligaments as simple passive restraints.
The microscopic innervation of the extrinsic and
intrinsic wrist ligaments has been studied, to
reveal a variable degree of sensory innervation
by highly specialized nerve endings, called me-
chanoreceptors. The mechanoreceptors embed-
ded into the ligaments, receive the mechanical
signals and transform them into afferent nerve
stimuli to influence periarticular muscles. In a
recent study, Hagert et al. [153] made clear for
the first time the existence of ligamento–mus-
cular reflexes initiating in the carpal ligaments.

The innervation pattern of the wrist ligaments
reflects in structural differences between the
ligaments. Ligaments with limited innervation

consisted mostly of densely packed collagen
fibers. In the ligaments with abundant innerva-
tion, mechanoreceptors and nerve fascicles were
consistently found in the loose connective tissue
of the superficial region of the ligaments (epi-
fascicular region), while the density of innerva-
tion was greatest close to the ligament insertions
into bone [71]. Hagert et al. [154] found a pro-
nounced innervation in the dorsal wrist liga-
ments (dorsal radiocarpal, dorsal intercarpal,
scaphotriquetral, dorsal scapholunate interosse-
ous), an intermediate innervation in the volar
triquetral ligaments (palmar lunotriquetral
interosseous, triquetrocapitate, triquetrohamate),
and only limited/occasional innervation in the
remaining volar wrist ligaments. They state that
wrist ligaments are regarded as either mechani-
cally or sensory important ligaments. The
mechanically important ligaments are ligaments
with densely packed collagen bundles, limited
innervation, and are located primarily in the
radial, force-bearing column of the wrist. The
sensory important ligaments, by contrast, are
richly innervated although less dense in con-
nective tissue composition and are related to the
triquetrum, which is the key element in the
generation of the proprioceptive information.

Mataliotakis et al. [82] in a cadaver study
investigated the sensory innervation of the
subregions of the SLI ligament and found that
the palmar subregion, apart from its major
mechanical role, contains the greatest amount
of neural structures and mechanoreceptors. The
dorsal subregion, with densely packed collagen
fibers and limited innervation, functions mainly
to constrain the scaphoid-lunate relative
motion.

Other studies evaluated the distribution of
mechanoreceptors on the dorsal radiocarpal lig-
ament [155], where the nerve endings predomi-
nate the superficial layer and the ligament
insertions to the bone, or on the TFCC [156],
where the nerve endings were distributed at the
periphery of TFC and showed different concen-
trations of each type of mechanoreceptors per
topographic area.
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