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Carpal instability

Abstract This review addresses the
pathoanatomical basics as well as the
clinical and radiological presentation
of instability patterns of the wrist.
Carpal instability mostly follows an
injury; however, other diseases, like
CPPD arthropathy, can be associated.
Instability occurs either if the carpus is
unable to sustain physiologic loads
(“dyskinetics”) or suffers from abnor-
mal motion of its bones during
movement (“dyskinematics”). In the
classification of carpal instability,
dissociative subcategories (located
within proximal carpal row) are dif-
ferentiated from non-dissociative
subcategories (present between the
carpal rows) and combined patterns. It
is essential to note that the unstable
wrist initially does not cause relevant
signs in standard radiograms, there-

fore being “occult” for the radiologic
assessment. This paper emphasizes
the high utility of kinematographic
studies, contrast-enhanced magnetic
resonance imaging (MRI) and MR
arthrography for detecting these pre-
dynamic and dynamic instability
stages. Later in the natural history of
carpal instability, static malalignment
of the wrist and osteoarthritis will
develop, both being associated with
significant morbidity and disability.
To prevent individual and socio-eco-
nomic implications, the handsurgeon
or orthopedist, as well as the radiolo-
gist, is challenged for early and precise
diagnosis.
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Introduction

The wrist is an exceedingly complex and versatile struc-
ture. Built out of several small carpal joints, it allows a
substantial degree of motion in the coronal and sagittal
planes, and enables with the radioulnar joints three-
dimensional rotatory movements around the longitudinal
axis of the forearm [1]. Its construction, as well as the wide
range of motion, makes the wrist susceptible to axial forces
and deforming vectors. Nevertheless, the intact wrist
remains remarkably stable [2] and is able to sustain
external stress forces. The considerable stability of the
wrist is mainly attained by the principle of the “dynamic
support” [3].

Carpal stability may be described as the ability of the
wrist to maintain a normal balance between the articulating
partners under physiologic loads and movements. In
“equilibrium”, any external force is answered by a
counterforce to restore the original joint status without
yielding or losing joint congruency [4–6]. However, if the
counterforces are insufficient to keep the normal articular
arrangement, the balance of the articulating partners may
be disturbed.

The term “carpal instability”—in 1972 introduced by
Linscheid et al. [7]—has undergone modifications in the
past. Nowadays, the most accepted definition of “carpal
instability” means any disturbance of the static and
dynamic balance of forces at the wrist under the conditions
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of daily living [8]. The degree of carpal instability is
determined by the extent of the ligamentary and/or osseous
lesions. “Dynamic” instability describes a deformity only
occuring during motion, whereas “static” instability is
already seen with the wrist at rest.

The objective of this review is to illustrate the patholo-
gical, clinical and radiological aspects of carpal instability.

Osseous anatomy

Distal forearm

The carpal bones are interposed between the forearm and
the metacarpus. The antebrachial glenoid is formed by the
articular surfaces of the radius and the triangular fibrocar-
tilage complex (TFCC). The radial articular surface, which
carries the triangular scaphoid fossa and the rectangular
lunate fossa, is tilted ulnarly in about 23 degrees (range 15–
35 degrees) and volarly in about 11 degrees (range 0–20
degrees) [9].

Proximal carpal row

The bones of the proximal carpal row (scaphoid, lunate and
triquetrum) represent the carpal condyle, which is in close
articular congruence with the antebrachial glenoid. There
are some special features. Firstly, the scaphoid is double-
obliquely aligned at angles of about 45 degrees with
respect to both the coronal and sagittal planes (Fig. 1).
Both, its oblique orientation and its length, which exceeds
the midcarpal axis make the scaphoid comparable with
slider crank [7, 10]. Secondly, in comparison to the lunate,
the proximal articular surface of the scaphoid is more
curved, allowing the scaphoid to rotate more extensively
[11]. Thirdly, the subunits of the proximal row move with
significant degrees of rotation in relation to each other.
Fourthly, the configuration of the lunate is coronally
wedge-shaped, explaining its inherent tendency toward
displacing into extension when dissociated from the
scaphoid [12].

Distal carpal row

The bones of the distal carpal row (trapezium, trapezoid,
capitate and hamate) form together a solitary functional
unit with only minimal intercarpal movement. Both carpal
rows are connected via the midcarpal joint. This joint is
composed of three different joints: the convex-concave
scaphotrapezoid-trapezial (STT) and scaphocapitate com-
partments laterally, as well as the capitatolunate compart-
ment centrally, and the semihelicoidal hamatotriquetral
compartment medially [12, 13]. The midcarpal articulation

approximates a ball-and-socket joint with the inherent
tendency of the capitate to intrude into the scapholunate
gap.

Fig. 1a–c Schematic illustration of the carpal ligaments. The
ligaments are depicted in yellow on 3D images of a CT data set
reconstructed with the surface shaded display (SSD) mode.
a Anatomy of the U-shaped SLL. The scaphoid is seen from
medially after the other carpals have been removed (left), whereas
the lunate is mirror-inverted and seen from laterally (right). RSLL
radioscapholunate ligament, vSLL volar segment of the scapholunate
ligament, dSLL dorsal segment of the scapholunate ligament.
b Anatomy of the volar carpal ligaments. The ligaments are oriented
like two inverted “V” analogues. Proximal volar “V-ligaments”:
vRLTL volar radiolunotriquetral ligament, ULL ulnolunate ligament,
UTL ulnotriquetral ligament. Distal volar “V-ligaments”: RSCL
radioscaphocapitate ligament, SCL scaphocapitate ligament, TCSL
triquetrocapitatoscaphoid (“arcuate”) ligament (the lateral part is
omitted for a better overview). c Anatomy of the dorsal carpal
ligaments. The ligaments are oriented like “V” analogues rotated
around 90 degrees (dRLTL dorsal radiolunotriquetral ligament, dICL
dorsal intercarpal ligament)
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Ligamentous anatomy

The anatomy of the carpal ligaments follows the principles
of Table 1 [6, 14]. (1) Ligaments are usually subdivided
into intraarticular stabilizers (the interosseous SLL and
LTL, and the midcarpal ligaments) and intracapsular
stabilizers (ligaments integrated in the capsular sheaths),
respectively. (2) The intracapsular ligaments run either
intrinsic (both, the origin and insertion within the carpus)
or extrinsic (connecting the forearm with the carpus). (3)
From the functional point of view, it is reasonable to
differentiate interosseous ligaments (travelling deeply in
transverse courses) and the so-called “V-ligament” system
(ligaments travelling superficially in oblique courses).

Intrinsic interosseous ligaments

Scapholunate interosseous ligament

The scapholunate interosseous ligament (SLL) is most
important. It bends like a horseshoe in sagittal extension
between the peripheral borders of the scaphoid and lunate
(Fig. 1a). Both the dedicated construction and the elasticity
of the SLL permit a moderate rotational movement
between the scaphoid and lunate during flexion and
extension according to their different articular curvatures.
The SLL has three segments with different biomechanic
functions [15, 16]. (1) The volar SLL segment extends in
an oblique-transverse direction in the coronal plane. This
portion is longer than the other two allowing the scaphoid
and lunate to move slightly at the volar level [4]. It consists
of collagen fibers embedded in loose connective tissue. (2)
The middle SLL segment, which extends in the transaxial

plane, is a fibrocartilaginous membrane without any
stabilizing function. The central portion is predisposed to
degenerative perforations. (3) The dorsal SLL segment is
comprised of closely-packed collagenous fibers running
horizontally in the coronal plane. The thick and relatively
short dorsal portion ensures the stability of the scapholu-
nate compartment [4, 15, 17]. Therefore, the rupture of the
dorsal SLL segment is imperative for the development of
symptomatic scapholunate dissociation (SLD) and the
rotatary subluxation of the scaphoid (RSS). The so-called
“secondary stabilizers” of the scapholunate compartment
must be mentioned. These supporting structures initially
prevent a dissociation even when SLL is completely
ruptured. Important secondary stabilizers are the volar
STTL, the RSCL, the SCL and the flexor carpi radialis
(FCR) tendon [2, 17].

Lunotriquetral interosseous ligament

The lunotriquetral interosseous ligament (LTL) is con-
structed similar to the SLL; however, it is of smaller size
[18]. The LTL is also U-shaped. (1) The strong volar LTL
segment ensures the functional stability within the
lunotriquetral compartment. This portion consists of thick
collagenous fascicles that extend horizontally in the
coronal plane. (2) The middle LTL segment is a thin,
transaxial membrane without any stabilizing function. This
portion is preferred for degenerative perforations. (3) The
dorsal LTL segment, which is composed of thin horizontal
fascicles, contributes less to articular stability. The
lunotriquetral compartment is supported by secondary
stabilizers, mainly the extrinsic volar and dorsal radioluno-
triquetral ligaments (vRLTL, dRLTL).

Table 1 Synoptic anatomy of the most important ligaments of the wrist. The ligaments are listed with respect of their positions and courses
within the wrist. Additionally, the main function is listed in the right column (PCR proximal carpal row)

Position Ligament Abbrev. Function

Interosseous Scapholunate ligament SLL PCR stabilizer
Lunotriquetral ligament LTL PCR stabilizer
Radioscaphoid ligament RSL Volar scaphoid stabilizer
Radioscapholunate ligament (Testut) RSLL Neurovascular bundle
Radiolunate ligament (short RL ligament) RLL Volar lunate stabilizer

Volar proximal V Volar radiolunotriquetral ligament
(long RL ligament)

vRLTL Radiocarpal stabilizer (“slingshot”)

Ulnotriquetral ligament UTL Ulnocarpal stabilizer
Ulnolunate ligament ULL Ulnocarpal stabilizer

Volar distal V Radioscaphocapitate ligament RSCL Radiocarpal and scaphoid stabilizer (“slingshot”, “supporter”)
Scaphocapitate ligament SCL Midcarpal stabilizer
Triquetrocapitatoscaphoid (arcuate) lig. TCSL Midcarpal stabilizer
Scaphotrapeziotrapezoidal ligament STTL Scapholunate stabilizer

Dorsal V Dorsal radiolunotriquetral ligament dRLTL Radiocarpal stabilizer (“slingshot”)
Dorsal intercarpal ligament dICL Midcarpal stabilizer
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Extrinsic interosseous ligaments

There are three short ligaments on the volar side of the
wrist interposed between the intrinsic interosseous liga-
ments and the volar V-shaped ligaments. Both the radio-
scaphoid ligament (RSL) and the radiolunate ligament
(RLL, “short radiolunate”) reinforce the volar joint capsule.
The RSL prevents the scaphoid from dorsal subluxation
[19], while the RLL tautly stabilizes the lunate. The
radioscapholunate ligament (RSLL, Testut’s) is believed to
be a neurovascular bundle carrying terminal branches of
the anterior interosseous artery and the anterior interosse-
ous nerve to supply the SLL and the proximal scaphoid
pole [20].

Extrinsic V-ligaments

Volar V-ligament complexes

The volar V-shaped complex is built of thick intracapsular
ligaments [14, 20]. Two groups can be differentiated: the
proximal V-ligaments and the distal V-ligaments [6], both
separated by Poirier’s space, an area free of ligaments on
the volar aspect of the lunocapitate articulation (Fig. 1b).

On the lateral leg of the “proximal V”, the volar
radiolunotriquetral ligament (vRLTL, “long radiolunate”)
originates on the distal radius, runs first to the lunate, and
terminates on the triquetrum [21]. Due to its oblique course
the vRTDL is part of the so-called “articular slingshot”.
The medial leg of the “proximal V” consists of the
ulnolunate ligament (ULL) and the ulnotriquetral ligament
(UTL), both fortifying the medial carpus and the TFCC.
They originate on the volar side of the TFCC and proceed
to the lunate and triquetrum, respectively.

The lateral leg of the “distal V” is composed of three
elements [21]. The radioscaphocapitate ligament (RSCL)
originates at the radial styloid process and extends
diagonally, first through a volar groove in the scaphoid
and then inserts on the capitate. The RSCL, which is
separated from the scaphoid waist by a synovial duplica-
tion, provides a fulcrum for the rotation of the scaphoid and
keeps it in a stable, volar-flexed position (so-called “volar
support band”) [6]. It is accompanied by the scaphocapitate
ligament (SCL), which stabilizes the midcarpal joint, too.
Finally, the scaphotrapeziotrapezoid ligament (STTL)
serves as the “radial link” of the wrist by connecting the
three lateral carpals. The medial leg of the “distal V” is
formed by the triquetrocapitatoscaphoid ligament (TCSL).
This “arcuate” ligament originates on the triquetrum,
extends fan-shaped over the proximal hamate and capitate,
and terminates on the distal scaphoid [22]. The TCSL

crosses and stabilizes the midcarpal joint together with the
SCL and the STTL. Its triquetrocapitate portion, the so-
called “ulnar link”, is a fairly loose structure that permits
the triquetrum to slide over the helicoid hamatotriquetral
joint [2]. On the contrary, the capitatoscaphoid portion is
tight.

Dorsal V-ligament complex

The dorsal V-shaped complex is weaker than the volar
ligament complex (Fig. 1c). There are no dorsal ligaments
between the ulna and the carpal bones [14, 21]. The
extrinsic dorsal radiolunotriquetral ligament (dRLTL)
extends from Lister’s tubercle of the radius diagonally to
the triquetrum, thereby crossing the proximal scaphoid
pole and the lunate [6]. The intrinsic dorsal intercarpal
ligament (dICL) takes a horizontal course. It originates at
the triquetrum, crosses the capitate and the STT joints, and
terminates on the scaphoid, trapezium and trapezoid bones
[6]. All dorsal ligaments converge at the triquetrum, thus
not only stabilizing the radiocarpal joint, but also the lunate
and the capitate from dorsal [16].

The stabilizers of the wrist

Stable arrangement of the carpal bones at rest and under
load is based on the geometry of their articular surfaces, the
tension of the linking ligaments and the actual contraction
state of the muscles involved.

Stabilizers of the radiocarpal joint

Stability of the radiocarpal joint is ensured volarly by the
RSCL and vRLTL, and dorsally by the dRLTL (Fig. 1b,c).
The oblique orientation of these “slingshot” ligaments,
which course from proximal-radial origins to distal-ulnar
insertions, prevents the carpus to slide down along the
ulnar and volar tilts of the radius [23]. Such “translocation”
instability is mainly caused by an injury of the radiocarpal
ligaments and by rheumatoid arthritis [6, 23, 24].

Stabilizers of the proximal carpal row

The proximal carpal row is stabilized by the SLL and the
LTL (Fig. 1a). The intrinsic ligaments do not simply
connect the proximal carpals in a straight course.
Intraligamentary torsion forces are additionally caused by
opposing rotational torques between the scaphoid, lunate

2164



and triquetrum leading to further coaptation of the proximal
carpal row. Injuries of these ligaments cause scapholunate
and lunotriquetral dissociation (SLD and LTD), respec-
tively (so-called “dissociative” instability) [7, 18].

Stabilizers of the midcarpal joint

The midcarpal joint is stabilized by transversely crossing
ligaments, volarly by the ulnar branch of the TCSL and the
SCL (Fig. 1b), and dorsally by the dICL (Fig. 1c) [2].
These ligaments do not simply connect both carpal rows,
but they also ensure the proximal row to smoothly move
from flexion to extension as the wrist deviates ulnarly. If
these midcarpal stabilizers get insufficient, then any axial
load pushes the proximal row into flexion, mainly because
of the obliquely oriented midcarpal joint surfaces (so-called
“midcarpal” instability) [7].

Stabilizers of the distal carpal row

Transverse stability of the distal carpal row is guaranteed
by the flexor retinaculum and by strong intercarpal
ligaments [2, 6]. Failure of these transverse structures
results in splitting the wrist into two or three unstable
columns (so-called “axial” instability) [25].

Carpal biomechanics

Although knowledge about the biomechanic characteristics
of the wrist has grown rapidly during the last decades,
many aspects of carpal function and dysfunction are still
poorly understood.

Kinetics of carpal force transfer

The wrist must sustain not only the externally applied
loadings, but also has to resist internal forces resulting from
muscle contraction. The total of all forces is transmitted to
the distal carpal row, and then distributed towards the
proximal carpus. At the midcarpal level, about 60% of the
load is transmitted across the scaphoid-lunate-capitate
compartment; at the radiocarpal level about 50% of the
load is present at the radius-scaphoid joint, 30% at the
radius-lunate joint, and 20% at the ulnocarpal compartment
[26].

The distal carpal row is considered as one functional unit
due to the very tight ligamentous connections [5]. Because
no tendon attaches the proximal carpal row, all axes of
rotation are located at the distal carpal row, where
rotational motions start first, later followed by movements
of the proximal row [5]. Moderate carpal flexion-extension
movements are feasible at the midcarpal joint.

Kinematics of the proximal carpal row

At the proximal carpal row, opposite torques are acting.
Under axial load the scaphoid preferentially flexes,
whereas the lunate, as well as the triquetrum, favors
extension. The proximal carpals, which are less tightly
bound to one another, show synergistic movement patterns,
but each of them is differently mobile with regard to the
degree of motion [5, 26].

Due to its narrow proximal curvature, the scaphoid is
able to flex and extent about 30 degrees more intensively
than the lunate [15]. Furthermore, the oblique alignement
of the scaphoid causes a load transmission parallel to its
longitudinal extension with two force vectors straightened
out dorsally and proximally (Fig. 2). The dorsal force
vector is resisted by the volar tilt of the radial scaphoid
fossa. The proximal force vector is associated with an
inherent flexion tendency of the scaphoid which is
counteracted by the SLL as well as by the secondary
stabilizers (STTL, RSCL) and the bowstringing of the FCR
tendon [3].

The lunate—intercalated between the stable elements of
the radius and capitate—is highly unstable due to minor
ligamentous insertions only. Its functional position within
the proximal row is determined mainly by the radiolunate
and capitatolunate contact pressures proximally and dis-
tally, by the tension of the SLL and LTL laterally and
medially, and by the contraction forces of the flexor and
extensor muscles [3].

Fig. 2 Schematic diagram of the forces transmitted across the
scaphoid. Under axial load a longitudinal force vector (in red) is
initiated within the scaphoid. This obliquely orientated vector is
built of two fractions, a dorsal (D) and a proximal (P) vector,
respectively. The dorsal vector (D) is mainly counteracted by the
geometry of the volarly tilted scaphoid fossa of the radius (R). The
proximal force vector (P) would induce the scaphoid to flex, if not
resisted by the primary (SLL) and secondary stabilizers (vSTTL,
RSCL) of the scaphoid as well as the bowstringing of the FCR
tendon. The RSCL is acting as the “volar support band” of the
scaphoid
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Multiangular kinematics of the wrist

Flexion and extension motion takes place in the radiocarpal
as well as in the midcarpal joints in a nearly equiangular
distribution. Maximal flexion is about 80 degrees and
maximal extension about 85 degrees. Radial deviation is
normally performable in about 25 degrees, ulnar deviation
normally in about 40 degrees, each around an axis through
the head of the capitate [5, 27]. However, the kinematics of
radioulnar deviation is complex and multiangular, thereby
combining several motion patterns in an individual way.
For example, the entire proximal row is simultaneously
flexed as the wrist is deviated radially, and extends
smoothly during ulnar deviation [5, 12, 18]. The contin-
uous out-of-plane mobility between the carpal rows is
mainly controlled by the TCSL, the SCL and the dRLTL,
all crossing and stabilizing the midcarpal joint [2].

In all wrist positions, the articular congruence between
the forearm and the distal carpal row is maintained, and the
carpal height is always constant. Therefore, the proximal
carpal row is a flexible placeholder intercalated between
the forearm and the stable distal carpal row.

Pathogenesis

Most instability patterns are caused by acute or repetitive
injuries of the wrist. Hyperextension injuries commonly
lead to ligamentary lesions on the radial side [28]. Fractures
of radius or scaphoid can be associated. The infrequent
hyperpronation injuries can cause instability patterns on the
ulnar side [29]. Furthermore, posttraumatic sequela, like an
abnormal articular tilt of a malunioned distal radius
fracture, may consequently result in an instable wrist.
Aside from traumatic causes, carpal instability can arise
from other conditions and comorbidities, like avascular
osteonecrosis [30], systemic inflammatory disease [i.e.,
calcium pyrophosphat hydroxylapatit deposition disease
(CPPD) and rheumatoid arthritis] [31], neurological
disorders (i.e., syringohydromyelia), and specific congen-
ital malformations (i.e., Madelung’s deformity).

Physical examination

A thorough investigation should include the mechanism of
trauma, the type and intensity of complaints, inspection of

Fig. 3a–e Radiographic signs in stage III of SLD (two different
cases). a The articulating joint surfaces of the scaphoid (S) and the
lunate (L) are not arranged parallelly. b The scapholunate angle α in
increased to 79 degrees. The angle α is between the line tangential
to the volar border of the scaphoid (S) and the central line of the
lunate (L) that is drawn perpendicularly to the connecting line
between the anterior and posterior poles of the lunate. c The
scapholunate gap is significantly widened up to 4.5 mm (“Terry

Thomas sign”) in the stress view attained during a forced grip. d The
proximal carpal arc (Gilula’s line I) is broken at the scapholunate
junction. Furthermore, there is a “ring sign” of the distal scaphoid
pole due to marked flexion. e In the lateral view, dorsal rotatory
subluxation of the scaphoid is evident. The proximal scaphoid pole
“rides” somehow on the dorsal rim of the distal radius joint.
Articular contours are outlined
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the skin and the presence of joint swelling, active and
passive motions of the wrist, the palpation for focal
tenderness, the testing of grip strength, and assessment of
the neurovascular status. The careful clinical examination
is imperative not only for ordering the exact imaging
modality, but also for interpreting the radiographic findings
correctly [32, 33].

Arthroscopy

In addition to the patient’s history, physical examination
and conventional radiograms, arthroscopy has emerged as
the standard of reference for investigating wrist pain and
carpal dysfunction [34]. The capability of arthroscopy to
directly visualize the intraarticular structures, with the
option of subsequently treating lesions endoscopically, has
generally been accepted as advantageous. Yet, wrist
arthroscopy is not only operator-dependent, but rather
invasive when applied for diagnostic evaluation only.

Radiological techniques

The initial stages of carpal instability can be difficult to
discern by radiological examinations. Dynamic instability
is present if the carpal bones appear normal in standard

X-rays, but an abnormal movement is identified in
clinical examination, stress films or kinematography.
Static instability is present, if the abnormal carpal
arrangement is already visible in standard X-rays at rest.

Conventional radiograms (CR)

For correct film interpretation, it is obligatory that both the
dorsovolar and lateral radiograms are exposed with a beam
aligned at the radiocarpal joint and with the wrist in neutral
position (half rotation between the supinated and pronated
wrist) [35]. In the normal dorsovolar radiogram, three
smooth and parallel arcs (Gilula’s lines) can be drawn
along the carpals [36]. Derangement is evident when one or
two of the carpal lines appear interrupted with a stepoff
(Figs. 3d, 6a) or the configuration of the lunate changes
from trapezoidal to triangular or moon-shaped (Figs. 10a,
11b) [37]. In normal wrists, the radiolunate joint area
covers more than 50% of the proximal lunate joint surface.
The radiolunate contact is decreased in the presence of
ulnar translocation instability (Fig. 8a,b).

On true lateral radiographs (Figs. 3b, 6b, 10b), the carpal
alignement is determined by tracing lines parallel to the
longitudinal extension of the radius, lunate, capitate and
scaphoid and by measuring at least these angles [7, 38]:
radiolunate (normal range 0±15 degrees), lunocapitate

Fig. 4a–d Kinematography in
dynamic scapholunate instabil-
ity (stage II of SLD). Four
snapshots are selected from a
pulsed fluoroscopic examination
using 15 images/s. a, b While
progressively moving the wrist
from radial deviation to ulnar
deviation, the scapholunate gap
suddenly widens to a distance of
5 mm (dorsovolar views). c, d
During a progressive flexion-
extension maneuver, the scaph-
oid abruptly volarflexes and
dislocates dorsally to the RSS
position (lateral views). Impor-
tant contours are outlined

2167



(normal range 0±15 degrees), and scapholunate (normal
range 45±15 degrees). Every carpal angle exceeding these
ranges must be considered as pathologic and suspicious of
carpal instability. In the ideal wrist, the long axes of the
radius, lunate, capitate and third metacarpal are colinear.
The acronyms “DISI” and “VISI” describe two different
derangements of the central column of the wrist, each
presenting a zigzag deformity based on an abnormal
rotation of the lunate as the intercalated and, thereby,
potentially instable link [7]. A DISI configuration (dorsal
intercalated segment instability) is present when the lunate
is abnormally rotated in extension (Fig. 3b), whereas in the
VISI configuration (volar intercalated segment instability)
the lunate is abnormally rotated in flexion (Figs. 6b, 10b)
[7].

Beside many others, two additional projections are
recommended in carpal instability: the Stecher’s view (fist
clenched in ulnar deviation) and the 45-degree semipro-
nated view [30].

Stress views (CR)

Even a severe ligamentary injury can be present without
any diagnostic signs in standard radiograms. If an instable
wrist is suspected, radiograms should be performed with
the wrist under maximum loading. Traditionally, at least
four stress projections are exposed: dorsovolar projections

during the wrist in radial deviation and ulnar deviation as
well as lateral projections during the wrist in flexion and
extension [37, 39]. An unstable wrist can be documented
efficiently on dorsovolar or volodorsal views with a
clenched fist [40]. To the author’s experience, the stress
test is more fashionable while the patient’s hand grips a
tennis ball tightly (Fig. 3c). A refined modification is the
“clenched pencil” view for exactly profiling the scapholu-
nate gap [41]. In equivocal situations, comparison X-rays
must be taken of the other hand.

Kinematography (CR)

Kinematographic examination is recommended if a
motion-induced “click”, “clunk” or “snap” phenomenon
cannot adequately be explained with X-rays taken at rest
and under stress loading [42, 43]. Different approaches are
available: film kinematography (50 images/s), fluoroscopic
videotaping (20–25 images/s), nonsubtracted DSA images
(6–30 images/s), and digital documentation of pulsed
fluoroscopy (15 frames/s). The projections in kinemato-
graphy are similar to the stress views described above
(Figs. 4, 11). Because the patient usually knows best which
movement provokes a dynamic snap, the patient should be
requested to actively perform the instability maneuver
during kinematographic documentation.

Fig. 5a–d Magnetic resonance
imaging in two cases of SLD.
a Plain and b contrast-enhanced
T1-weighted SE images of a
individual suffering from a
complete SLL tear. Three mi-
nutes after intravenous applica-
tion of the contrast agent, there
is a focal synovial enhancement
(arrow) at the rupture site en-
abling clear visualization of the
ligament fragments (T1-
weighted SE with fat-satura-
tion). c, d MR arthrography in
another case of complete dis-
ruption (arrows) of the SLL.
The dorsal (c) as well as the
volar (d) segments are dehiscent
in the postarthrographic T1-
weighted, fat-saturated SE
images
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Arthrography

The three-compartment arthrographic approach is recom-
mended to precisely visualize uni- or bidirectional passages
of the dye across ligamentary defect zones [44, 45]. In the
classic technique, the contrast agent is firstly injected into
the midcarpal and distal radioulnar joints under fluoro-
scopic control, followed by the arthrography of the
radiocarpal joint two hours later. A modified procedure
uses an adhesive marker-plate with radiopaque coordinates
for simple puncture guidance [46]. Wrist arthrography
enables the detection of communication defects with high
sensitivity [45], but hampers from low specificity rates due
to the inability to differentiate nonsymptomatic central
defects from lesions of the peripheral ligament segments
[44].

Mucoid degeneration of the carpal ligaments and the
TFCC is a physiologic aging process that begins as early as
the age of 30 years [44, 47]. Degenerative perforations are
frequently found in the middle SLL and LTL segments.
These central lesions do not alter the ligamentary strength
nor cause instability, but may produce mild carpal
discomfort. In mostly asymptomatic individuals, they
sufficiently explain uni- or even bidirectional communica-
tion defects. In the elderly patient population, there is only
a loose correlation between clinical and arthrographic
findings [45, 48]. Therefore, it is recommened to combine

wrist arthrography with a subsequent magnetic resonance
imaging (MRI) or computed tomography (CT) examina-
tion [47, 49–52] to better assess the altered ligament
segments (Figs. 5c,d, 6).

MRI

MRI carries the unique capability to directly visualize the
carpal ligaments. Some methodical prerequisites must be
considered. Firstly, scanners of at least 1.0- or 1.5-T field-
strength are favorable for depicting the small structures of
the wrist. The novel 3.0-TMRI machines have been proven
to significantly increase the visibility of the carpal
ligaments and the TFCC [53]. Secondly, the use of a
multi-channel, phased-array surface coil is mandatory to
create images of sufficient spatial and contrast resolution,
respectively [54]. Thirdly, images in three orthogonal
planes as well as different 2D sequences (T1-w SE, PD-/
T2-w FSE, T2*-w GRE, STIR FSE) without and with fat-
saturation must be acquired to obtain detailed information
about the carpal malalignement and the altered ligaments
[50–52]. For this reason, 3D-sequences (FLASH, MP-
RAGE, VIBE, THRIVE) are reasonable. Finally, the
application of intravenous or intraarticular contrast agent
is discussed controversially in the literature.

Fig. 6a–d Posttraumatic in-
stability pattern of LTD in a
patient suffering from pain and
tenderness at the ulnar side of
the wrist. a On the dorsovolar
view, the lunate is not trapezoid,
but moon-shaped. The lunotri-
quetral joint space is abnormal
with nonparallel borders of the
articulating partners (contours
are outlined). b In the lateral
view, a VISI (volar intercalated
segment instability) configura-
tion of the middle carpal column
is present with increased radio-
lunate (RL) and capitatolunate
(CL) angles over 15 degrees.
c Contrast-enhanced MRI
depicts the disruptured LTL
(circle) due to focal hyperemia
at the synovial and fibrovascular
reparation tissue (T1-weighted
SE sequence with fat-satura-
tion). d The dorsal tear of the
LTL (circle) is also visualized
on the transaxial image of a
plain T2*-weighted GRE
sequence
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Unenhanced MRI

In unenhanced MRI, the carpal ligaments are best seen in a
T2*-weighted gradient-echo sequence [55] as well as in a
fat-saturated proton-density-weighted sequence (Fig. 6d).
Coronal slices should not be thicker than 2 mm to avoid
partial-volume effects. Transaxial slices are recommended
additionally, because they nicely depict the dorsal and volar
ligament segments. Three-dimensional T2*-weighted gra-
dient-recalled-echo sequences allow submillimeter imag-
ing, and therefore they appear most useful to visualize the
small-dimensioned SLL and LTL. Using this approach,
diagnostic accuracy over 90% has been reported by some
investigators [55, 56], but could not be verified by others
[51]. Moreover, artifacts like the “magic-angle” effect are
inherent with both sequence types in ligament imaging.

Contrast-enhanced MRI

In contrast-enhanced MRI, there is an increased gadolin-
ium accumulation at the ruptured ligament, caused by
hyperemia due to focal synovitis and fibrovascular tissue
(Figs. 5a,b, 6c) [57]. The repairing process includes
cellular, humoral and vascular reactions [58]. Although
this approach has been used in clinical practice for several
years, a study-proven significance of contrast-enhanced
MRI for detecting tears of the carpal ligaments is still
missing [57, 59].

Indirect MR arthrography

In indirect MR arthrography, active joint movement
induces an intraarticular diffusion of the previously applied
contrast agent, thus yielding an improved contrast ratio in
T1-weighted sequences [59, 60]. However, the distending
effect of the intraarticular structures obtained with indirect
MR arthrography is only slight.

Direct MR arthrography

In direct MR arthrography, a 1:200 mixture containing
gadolinium and X-ray dye is applied in a single- or
multicompartment approach under fluoroscopic control
followed by high-resolution 2D or 3D MRI (Fig. 5c,d)
[61]. All intraarticular and intracapsular ligaments get
distended, and the contrast level at the ligament-dye
borders is significantly increased allowing precise identi-
fication of subtle ligamentary lesions [50]. In prospective
studies using arthroscopy as the standard of reference,
accuracy rates of about 95% have been reported for MR
arthrography [51, 52].

Real-time MRI

Real-time MRI of the wrist movement is feasible with the
use of high-field MRI scanners [62]. However, the carpal
ligaments are not sufficiently depicted with dynamic MRI
due to both reduced matrix size and limited acquisition
speed. Currently, dynamic MRI offers no additional
information compared to X-ray kinematography.

Computed tomography (CT)

Using multi-slice CT imaging, high-resolution 3D images
can be acquired for detecting wrist fractures or articular
lesions like subchondral sclerosis and cysts. CT imaging
should be performed in equivocal cases to confirm or rule
out an early onset of carpal osteoarthritis in the treatment
planning of carpal instability [63].

Ultrasound (US)

High-resolution US has been applied for evaluating the
intrinsic and the extrinsic carpal ligaments. Rates of de-
tectability were found in ranges from 0% for the RSLL,
over 61% and 62% for the dorsal LTL segment and the
RSCL, respectively, and up to 93% and 97% for the dRLTL
and the dorsal SLL segment, respectively [64]. The volar
and middle SLL segments are often hidden for US de-
tection [65, 66]. In the presence of SLD, the normal hyper-
echoic fibrillar ligament is hypoechoic or absent [67, 68].
However, the diagnostic value of US is controversially
discussed. In the presence of a visible SLL, US is judged to
be helpful to exclude SLD, but its absence on US does not
necessarily indicate a tear [66]. Moreover, in comparison to
arthroscopy false-negative US results were found in
dynamic SLD leading to decreased sensitivity of US
[69]. Finally, US is not accurate for the evaluation of
lunotriquetral tears, mainly due to the small size of the LTL
[65]. In conclusion, high-resolution US is an emerging
procedure; however, currently it should only be used in
carpal instability as an adjunct to other diagnostic
modalities.

Classification

The Mayo Clinic classification [34, 70] is mostly used to
describe the different patterns of carpal instability
(Table 2). In this classification, the differentiation of so-
called “dissociative” instabilities from “non-dissociative”
instabilities is essential. The functional continuity of the
proximal carpal row is evaluated for this reason [70, 71]. In
the dissociative group [carpal instability dissociative
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(CID)], the elements of the proximal carpal row are
malaligned, either during motion (“dynamic”) or at rest
(“static”). In the nondissociative group [carpal instability
nondissociative (CIND)], the proximal carpal row remains
intact, but is dynamically or structurally malaligned with
the distal row. In these cases, the entire unit of the proximal
row subluxates volarly or dorsally with respect to the distal
row, or migrates ulnarly in relation to the forearm (ulnar
translocation). Two further instability subcategories will
not be further elucidated in this review paper, the complex
instability group with features of both dissociative and
nondissociative types [carpal instability complex (CIC)],
and finally the axial instability group that is almost always
combined with fracture dislocations of the wrist [25, 28].

Instability patterns

Dissociative instability group

This instability group includes the scapholunate and the
lunotriquetral dissociation, and less frequently unstable
scaphoid nonunion as well as Kienboeck’s disease stage
IIIb and IV.

Scapholunate dissociation (SLD)

This most important instability pattern may appear as an
isolated injury or associated with a distal radius or scaphoid
fracture, respectively. In addition to swelling, point
tenderness over the anatomical snuff box and reduced
movement, theWatson’s scaphoid shift test [33] is sensitive
for the presence of SLD (the examiner provokes a dorsal
subluxation of the scaphoid). The rupture site of the
ligament is most commonly on the scaphoid because
Sharpey’s fibers are less dense here. The spectrum of
presentation is broad [17, 72, 73] and can be determined by
different stages (Table 3).

Detection and staging of SLD using X-rays: In stage I
(“predynamic” SLD), there is a partial lesion of the SLL,

mostly at the volar and middle SLL segments [4]. Focal
synovitis is caused by a minimal scapholunate hypermo-
bility. There is no carpal malalignment present on standard
X-rays, and the Watson’s shift test, as well as kinemato-
graphy, remains unremarkable.

In stage II (“dynamic” SLD), the SLL is completely
disruptured; however, the stabilizing extrinsic ligaments
remain intact [17, 72]. In most cases, standard radiograms
reveal an unremarkable carpal alignment. An early, but
infrequent sign in stage II can be the lack of parallel joint
surfaces between the scaphoid and lunate in the dorsovolar
radiogram (Fig. 3a) [37]. Stress views (Fig. 3c) or
kinematography (Fig. 4a-d) should be performed when
there are complaints suggestive for early SLD and the
Watson’s scaphoid shift test is positive. In kinemato-
graphy, transitional changes of the carpal arrangement
become visible [4, 72]: an abrupt, short widening of the
scapholunate joint space is seen on the dorsovolar
cinematogram during movement from radialduction to
ulnarduction (Fig. 4a,b), and the dorsal rotatory sublux-
ation of the scaphoid is identified on the lateral
kinematogram, while the wrist moves from the extented
to the flexed position (Fig. 4c,d).

In stage III (“static” SLD), a complete tear of the SLL as
well as lesions of the secondary stabilizers are manifest
[17]. According to Lichtman’s “model of the carpal ring”
[30], any complete loss of ligamentary fixation allows the
scaphoid and lunate bones to move independently and
freely according to their natural tendency. Now, the survey
radiograms show the unstable scapholunate articulation
with opposite rotations of the scaphoid and the lunate
(Fig. 3a). The scaphoid rotates into a marked flexion, and
is simultaneously pressed onto the dorsal crest of the
radius [4, 72]. This motion pattern is referred to as
“rotation subluxation of the scaphoid” (RSS) [73]. On the
lateral radiogram, the flexed scaphoid “rides” on the dorsal
rim of the radius (Fig. 3e), while on the dorsovolar view
the scaphoid appears shortened and forms the so-called
“ring sign” (Fig. 3d). The unconstrained lunate rotates
dorsally owing to its wegde-shaped configuration [12] and
under the influence of the triquetrum as well (Fig. 3b)
[13]. Additionally, the lunate moves into a mild volar

Table 2 Classification of carpal instability in the modified classification of Amadio [30])

Instability group Instability entity Pathoanatomic cause

Dissociative Scapholunate dissociation Tear of the SL ligament (and secondary stabilizers)
Lunotriquetral dissociation Tear of the LT ligament (and secondary stabilizers)

Nondissociative Radiocarpal instability Tears of the RSC, vRLT and dRLT ligaments, secondary to malunioned radius fracture
Midcarpal instability Congenital weakening or tears of the TCS and dIC ligaments

Complex Perilunate Carpal dislocation around the lesser arc
Transscaphoid perilunate Fracture dislocation around the greater arc

Transaxial Radial Axial injury at the radial wrist
Ulnar Axial injury at the ulnar wrist
Radial and ulnar Axial injury at both the radial and ulnar wrist
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position, raising a midcarpal subluxation of the capitate at
the posterior horn of the lunate. The zigzag deformity that
develops in the middle carpal column is called the
“dorsiflexed intercalated segment instability” (DISI) [7].
As the consequence , the scapholunate angle is increased
to over 60° on the lateral radiogram, what is the most
evident sign of SLD (Fig. 3b). On the dorsovolar view, the
extended lunate no longer appears trapezoid, but triangular
with projection of its anterior pole onto the capitate
(Fig. 3a). The scapholunate gap may be increased to over
3 mm, the optional “Terry-Thomas sign” (Fig. 3c), which
is not always present in SLD.

It might be reasonable to add stage IV (“osteoarthrotic”
SLD) to the classification system when typical findings of
osteoarthritis are visible on X-rays. Degenerative changes
begin at the radiocarpal joint between the proximal
scaphoid pole and the dorsal rim of the radius [74]. The
osteoarthritis progresses to the entire radioscaphoid com-
partment and reaches the midcarpal joint at the scapho-
and lunocapitate articulations finally. Now, the capitate
migrates into the scapholunate gap and approaches the
radius, leading to the “scapholunate advanced collapse”
(SLAC wrist) [74]. The height of the carpus is
significantly reduced, measured with the Youm Index
(length ratio of the carpus and the third metacarpal,
respectively; normal is 0.54±0.03).

Conventional arthrography is a poor predictor of SLD,
because unilateral or even bilateral communication defects
are detectable also in the presence of degenerative lesions
of the middle SLL segment seen physiologically in
asymptomatic individuals [44].

Diagnosis of SLD using MRI:MRI allows visualization of
the radiologically “silent” instability stages I and II of
SLD. A ligament insufficiency must be assumed when at
least the dorsal SLL segment or all SLL segments are
dehiscent, whereas a focal defect of the middle or volar
SLL segment is not significant for instability.

In T2-weighted sequences, the torn SLL is identified by
a hyperintense fluid accumulation adjacent to the liga-
mentary flaps or in case of an absent ligament. Coronal as
well as transaxial slices are mandatory to fully visualize
the altered SLL. Accuracy rates of plain MRI have been
reported in ranges between 50 and 80% [55, 56].

In SLL and other ligamentary tears, there is an
enhancement of gadolinium at the rupture site, caused
by an intense hyperemia of synovial and fibrovascular

tissue (Fig. 5a,b). This regeneration process develops
focally at the tear immediately after the injury and is seen
in contrast-enhanced MRI up to 9 months. Obviously, the
application of intraveneous contrast agent increases the
accuracy of MRI [57], but the study-based significance of
contrast-enhanced MRI for detecting tears of the carpal
ligaments is still missing.

The ruptured SLL can be identified most precisely with
MR arthrography. By directly applying the contrast agent
into the carpal joints, the SLL segments are clearly
depictable, thus partial tears can be differentiated from
complete tears (Fig. 5c,d). Furthermore, anatomic details
like the rupture site and flaps as well as the retracted and
thickened ligament get visible (Fig. 9). MR arthrography
has an accuracy rate of over 95% for diagnosing the
ruptured SLL [51, 52, 61].

Actually, there is no report dealing with the MRI
diagnostics of the secondary scapholunate stabilzers [2, 17].

Lunotriquetral dissociation (LTD)

LTD is rare. Usually, an isolated rupture of the LTL causes
no symptoms. The adjacent extrinsic ligaments (vRLTL,
UTL and dRLTL) must also be injured to produce complete
lunotriquetral instability with pain at the ulnar side of the
wrist and a motion-associated click phenomenon. The
coincidence with TFCC lesions is frequent (classes II D
and II E in Palmer’s classification) [75]. Typical for LTD is
the increased flexion of the lunate together with a slight
dorsal translation, caused by the flexion tendency of the
scaphoid, which is coupled to the lunate via the intact SLL.
This volar zigzag deformity of the middle carpal column is
called the “volarflexed intercalated segment instability”
(VISI) [18]. The triquetrum remains linked to the hamate
[7, 18].

Detection and staging of LTD using X-rays: The classifi-
cation scheme suggested for SLD is recommended for
LTD, too. In stage I (“pre-dynamic” LTD), a partial LTL
tear is silent in symptoms and X-ray diagnostics. In stage
II (“dynamic” LTD), the LTL is completely ruptured, but
the extrinsic ligaments remain intact. Standard radiograms
are unremarkable, and the tear can only be identified
kinematographically by means of opposite rotational
movements of the scaphoid-lunate block and the tri-
quetrum. In stage III (“static” LTD), signs of VISI

Table 3 The stages of scapholunate instability (scapholunate dissociation) in the modified classification of Watson et al. [33]

Stage Description Ligamentary status Carpal function

I Pre-dynamic Partial tear of the SL ligament Normal at rest, normal under load
II Dynamic Complete tear of the SL ligament Normal at rest, SL instability under load
III Static Complete tears of the SL ligament and the secondary stabilizers SL instability at rest
IV Osteoarthrotic Complete tears of the SL ligament and the secondary stabilizers Osteoarthritis secondary to SLD
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instability become visible in standard X-rays (Fig. 6a,b).
Both the scaphoid and lunate bones are in volar flexion,
while the triquetrum is extended. On the dorsovolar view,
the lunate is typical moon-shaped with projection of the
posterior horn onto the capitate [37]. Further character-
istics are the deformed carpal arcs I and II (Gilula) at the
lunotriquetral level, and sometimes a displaced lunotri-
quetral/capitatohamate junction. The triquetrum is in a
“low” position near the distal pole of the hamate. In stage
IV (“osteoarthrotic” LTD), signs of articular degeneration
are manifest in the midcarpal joint.

Diagnosis of LTD using MRI: Due to its small size, direct
MRI visualization of the LTL is challenging. LTD must be
assumed when either the volar or the dorsal LTL segments
or both appear dehiscent. Central lesions are of no
biomechanical importance; however, they can cause
focal synovitis and may therefore be painful. Plain MRI
has an accuracy of only about 50% in the diagnosis of a
ruptured LTL. An accumulation of fluid can be present at
the rupture site in T2-weighted sequences. The LTL
should also be evaluated in transaxial, T2*-weighted
images (Fig. 6d). Contrast-enhanced MRI significantly
increases the visibility of a ruptured LTL [57]. A focal
gadolinium enhancement is seen at the acutely or
subacutely injured LTL (Fig. 6c). A better description of
the rupture site can be achieved with high-resolution CT
arthrography (Fig. 7) and with MR arthrography. Howev-
er, an accuracy rate of about 80% even in MR arthro-
graphy is not satisfactory [51, 52].

Nondissociative instability group

Nondissociative carpal instabilities (CIND) are character-
ized by articular dysfunction either between the forearm

and the proximal carpal row (radiocarpal CIND) or
between the proximal and distal rows (midcarpal CIND),
while the articular function is preserved within each row
[70, 71].

Radiocarpal instability

Under physiologic conditions, the obliquely running
“slingshot” ligaments (vRLTL, RSCL, dRLTL) resist the
tendency of the carpus to slide down on the articular tilt of
the radius. Any failure of these controlling forces is likely
to result in an ulnar and volar translocation shift of the
carpus leading to deformity and dysfunction of the wrist
[23, 24]. Madelung’s deformity and rheumatoid arthritis
are the most frequent causes, whereas traumatic radiocarpal
dislocation is considered rare [31]. Furthermore, radiocar-
pal instability can have an iatrogenic origin; i.e., excessive
resection of the radial styloid process or of the ulna head,
respectively [7].

Ulnar translocation: Ulnar translocation of the wrist may
have two different presentations, which must be differ-
entiated in treatment planning [76]. If the entire carpus
slips to the ulnar side (Taleisnik type I), a true CIND
instability is present. Now, a radioscaphoid diastasis of
more than 2 mm opens up, while the radiolunate contact is
less than 50% (Fig. 8a,b) [37]. In case of intact RSCL and
RSL, the scaphoid bone remains in place, while the lunate-
triquetrum block is displaced towards the ulnar side,
causing a scapholunate diastasis (Taleisnik type II). This
feature is a combined CIND and CID pattern, also referred
as to CIC instability (“carpal instability complex”) [62].
Radiocarpal osteoarthritis as well as an ulnocarpal
neoarticulation process will develop early.

Other translocation patterns: Other radiocarpal CIND
instability patterns are quite rare. Three subcategories must
be defined [70]. Firstly, volar translocation of the wrist can
follow a traumatic disruption of only the radiocarpal
ligaments [77] or is of inflammatory origin in rheumatoid
arthritis and CPPD arthropathy [31]. Secondly, a radial
translocation can occur in case of a longstanding scaphoid
nonunion (Fig. 8d), when the proximal fragment is
significantly reduced in size and the ulnocarpal ligaments
(UTL, ULL) are insufficient for counteracting the radial
shift. Thirdly, radiocarpal dislocations can be associated
with displaced or badly malunited fractures of the distal
radius [77, 78]. Particularly, impacted fractures of the
radial styloid process (type Chauffeur, Fig. 8c) and the
dorsal rim (type Barton) can induce severe dislocations of
the entire wrist. Most often, a dorsal tilt of the joint surface
causes the entire proximal carpal row to rotate into
extension (DISI pattern). For compensation the distal
carpal row shifts into a flexed position. However, a normal
(Fig. 9a,b) or even a VISI alignement of the proximal row

Fig. 7 Traumatic disruption of the LTL associated with fractures of
the distal forearm. Aside a Chauffeur’s fracture of the radius and an
avulsion lesion of the ulnar styloid process, CT arthrography
synoptically show tears of the LTL (arrow) and of the triangular
fibrocartilage which is retracted ulnarly. The SLL is uneffected
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can also be found. One should keep in mind that a
dislocation pattern caused by a radial fracture is—by
definition—not a “true” CIND instability because the
carpal malalignement is secondarily induced by a lesion
outside the wrist [8]. This “re-balanced” arrangement is
also referred as to “carpal instability adaptive” (CIA).

Midcarpal instability (MCI)

The abnormal mobility of the proximal carpal row is the
diagnostic sign of the “intrinsic” MCI pattern [7, 71]. At
rest, the proximal carpal row is either still in a normal
position (dynamic MCI) or is flexed (static MCI). In the
presence of MCI, the nondissociative VISI deformity is the
posture of preference under axial load. Additionally, both

Fig. 9a, b Carpal instability caused by a malunited Colles’ fracture
of the distal radius. There is a dorsal tilt of the radial joint surface of
about 26 degrees that results from a significant impaction of the
dorsal radial fragment. Indeed, the entire wrist is translocated
dorsally, but the proximal carpal row is not significantly tilted

Fig. 10 Static midcarpal instability (Lichtman’s type I). At rest, the
entire proximal carpal row appears abnormally flexed. This
nondissociative VISI pattern causes the positive “ring sign” and
the moonlike shape of the lunate in the dorsovolar radiogram. The
alignement of the radius-lunate-capitate chain is no further colinear
leading to increased radiolunate (RL) and capitatolunate (CL) angles
as assessed in the lateral view. However, the scapholunate and
lunotriquetral angles are in normal ranges

Fig. 8a–d The different
patterns of radiocarpal translo-
cation instability. a Ulnar trans-
location of the wrist (Taleisnik’s
type I) following traumatic
disruption of the radiocarpal
“slingshot” ligaments. Please,
note the widened radioscaphoid
joint as well as the decreased
radiolunate contact length.
b Ulnar translocation of the
wrist (Taleisnik’s type I) caused
by long-standing chondrocalci-
nosis (CPPD deposition dis-
ease). Advanced osteoarthrotic
and cystic changes are present
around the radiocarpal joint.
c Radial translocation of the
wrist as a sequel of a malunited
Chauffeur’s fracture of the
radius. The ulnar inclination of
the radius is pathologically re-
duced, and the radiolunate con-
tact diameter is increased.
d Radial translocation of the
wrist in the advanced stage of
SLD associated with a collapse
of the wrist and osteoarthritis of
the radiocarpal and midcarpal
joints (SLAC wrist)
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carpal rows are not able to rotate smoothly from flexion to
extension; however, there is a “snapping” motion pattern
caused by a transient en-bloc rotation of the proximal row
opposite towards the distal row [7, 79]. During radial
deviation the proximal carpal row “jumps” abruptly into a
flexed position; and vice versa into sudden extension as the
wrist deviates ulnarly. Patients suffering from MCI usually
complain about a painful clunk and a reduced grip strength.

The pathomechanism for MCI still remains controver-
sial. It may include an inadequate ligamentary control
within the midcarpal joint, particularly in the hamatotri-
quetral compartment [12]. Congenital or acquired weak-
ness of the midcarpal stabilizers (TCSL, SCL, dRLTL) is
assumed for causing the MCI [2, 71, 79, 80].

Four different subcategories of MCI have been described
[71, 79, 80], thereby differentiating static and dynamic
instability patterns as well as nondissociative VISI and
DISI, respectively (Table 4). The so-called CLIP instability
(capitatolunate instability pattern) is a dynamic MCI that is
exclusively localized at the capitatolunate compartment,
here yielding a focal dislocation during motion [80].

Diagnosis of MCI using X-rays: In static MCI, X-rays show
the signs of VISI malalignment in the dorsovolar views

(foreshortened scaphoid, moonlike lunate, unaltered
Gilula’s lines, see Fig. 10a) and lateral views (both
radiolunate and capitatolunate angles being increased, see
Fig. 10b), or a DISI malalignment in case of a severely
malunited radius fracture; however, standard radiograms
are nondiagnostic in the presence of a dynamic MCI
pattern. Kinematography is the procedure of choice to
document the nonsynchronized carpal movement [43]. As
the wrist deviates radially, the proximal carpal row
remains iniatially in a flexed position, followed by a
jump-like rotation synchronously with a painful click on
the ulnar side of the wrist (Figs. 11a,b). The CLIP
instability is confirmed when the capitatolunate disloca-
tion of at least half the width of the capitate head can be
provoked by applying a dorsovolar displacement load
under fluoroscopic control [80].

Diagnosis of MCI using MRI: No MRI report is available
about this topic in the recent literature. Probably, MRI
allows direct visualization of the insufficient ligaments. In
constitutional midcarpal instability, the TCSL should
either be missing or hypoplastic, whereas tears of the
TCSL and the dRLTL should be detectable by means of
contrast-enhanced MRI.

Fig. 11a, b Kinematography in dynamic midcarpal instability. Two
snapshots are displayed from a pulsed fluoroscopic scene (15
images/s). While progressively moving the wrist from ulnar
deviation to radial deviation, the entire proximal carpal row remains

iniatially in an extended position (a), before it suddenly “jumps”
into a flexed rotation (b) accompanied by a painful click. The curved
arrows indicate the typical signs of flexion (ring sign of the
scaphoid, moon-shape of the lunate, low position of the triquetrum)

Table 4 The four subcategories of midcarpal instability (MCI) in the classification of Lichtman et al. [79]

MCI pattern Alignment of the proximal carpal row Altered ligaments

Volar Nondissociative VISI at rest Volar midcarpal ligaments (TCSL, STTL, SCL) attenuated or disruptured
Dorsal Normal alignment at rest, nondissociative

DISI under loading
Volar support ligament (RSCL) attenuated or disruptured

Dorsal and volar Either nondissociative VISI or DISI at rest Lax radiocarpal and midcarpal ligaments
Extrinsic Mostly, nondissociative DISI at rest

(VISI also possible)
Stretched RSCL and UCL caused by malunited radius fracture
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MCI (CIND-VISI) and LTD (CID-VISI) may be
indistinguishable in standard radiograms. However, ex-
amination maneuvers like the ballottement and shear tests
[22], and the use of kinematography, arthrography and
MRI, almost always enable differentiation of these
ulnarsided instability patterns.

Discussion

Carpal instability is a sophisticated diagnostic topic with
several challenges for the radiologist. Mainly, the initial
stages of carpal instability are difficult to discern, when
signs in X-ray are completely missing or subtle; i.e.,
slightly nonparallel articular contours.

Based on this short review, we would like to recommend
a diagnostic algorithm as follows. (1) If the radiograms
appear predominantly inconspicuous in a patient suffering
from carpal dysfunction, then particular care must be
provided for analysis of the Gilula’s lines [36] and the
carpal angles [37]. (2) In the presence of carpal instability,
but normal X-ray findings, the next step in diagnostic
imaging should be a kinematographic study [42, 43]. Using
pulsed fluoroscopy and PACS documentation, the move-
ment analysis of carpal dysfunction, as well as the
interdisciplinary communication, is significantly facili-
tated. (3) Although not frequently used in the diagnosis of
carpal dysfunctions, MRI appears an ideal tool for the
comprehensive assessment of the ligamentary lesions

underlying the suspected instability pattern. Direct MR
arthrography, which is only minimal invasive, is most
reliable to detect lesions of the intrinsic ligaments. With the
use of intravenous or intraarticular contrast agent, high-
resolution MRI can provide detailed visualization not only
of the intraarticular ligaments [51, 52, 54] but also of the
extraarticular soft-tissues [50, 55], the latter not being
completely depictable with arthroscopy.

Further research efforts must be encouraged to fully
incorporate US and MRI into the diagnostic sequela of
carpal instability, side-by-side with invasive arthroscopy.
Currently, the secondary ligamentary stabilizers of the
scaphoid as well as the midcarpal stabilizers are of
particular diagnostic and therapeutic interest [17]. In
future, these subtle carpal ligaments will probably be
attainable for direct visualization with the dedicated use of
MRI and US; especially US has an emerging role for this
purpose [64].

Carpal instability nearly always goes along with adverse
social consequences both in terms of disability and
morbidity if inadequately treated or even not detected
[74]. Therefore, the radiologist must be aware of this
challenge with regard to early and precise diagnosis of
carpal instability as an important, but frequently not
enough appreciated entity of the musculoskeletal system.
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