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Abstract

Carpal instability is a common cause of wrist pain, motion loss, and disability.
Diagnosis and treatment of carpal instability are dependent on a clear under-
standing of wrist anatomy and carpal kinematics, both normal and pathologic, as
well as their relation to the current concepts regarding management. A brief
review of anatomy and normal kinematics is presented, followed by a detailed dis-
cussion of specific instability patterns, including pathomechanics. A treatment
algorithm is provided, detailing the authors’ preferred treatment for the most com-

mon instability patterns.
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Carpal instability accounts for a sig-
nificant percentage of all wrist
injuries and can result in chronic
pain, loss of motion, weakness, and
degenerative arthritis if not diag-
nosed and treated appropriately.
Unfortunately, selecting the optimal
treatment is difficult and at times
confusing.

The general attributes of carpal
instability were first described by
Linscheid et al* in 1972. Much new
information on this entity has been
accumulated since then. This article
will summarize current concepts
regarding the anatomy, injury mech-
anism, classification, and treatment
of this common wrist disorder.

Anatomy

The carpus is a complex unit of eight
bones arranged in two rows that
articulate with the distal radius and
triangular fibrocartilage complex
(Fig. 1). The proximal row consists
of the scaphoid, lunate, and tri-
quetrum. The distal row contains
the trapezium, trapezoid, capitate,
and hamate. The pisiform is a
sesamoid bone within the tendon of
the flexor carpi ulnaris. Despite
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being considered a carpal bone, it
does not play a significant role in
carpal instability due to its confined
location. The scaphoid, however,
occupies an important position as
the link between the proximal and
distal rows. No muscles or tendons
attach to the carpus; therefore, the
stability of each individual carpal
bone is dependent on bone surface
anatomy and ligament attachments.

Two major groups of ligaments
are present in the wrist: extrinsic lig-
aments, which are extracapsular and
pass from the radius or metacarpals
to the carpal bones, and intrinsic lig-
aments, which are intracapsular and
originate from and insert on adjacent
carpal bones (Fig. 2).28

The extrinsic system consists of
dorsal and palmar components.
The palmar system is composed of
the radial collateral ligament, the
palmar radiocarpal ligaments, and
the ulnocarpal complex. The pal-
mar radiocarpal ligaments are (1)
the radioscaphocapitate ligament,
which passes across the waist of the
scaphoid and may be a factor in
scaphoid waist fractures; (2) the
radiolunate ligament, which passes
from the radius to the triquetrum
with an insertion on the lunate; and

(3) the radioscapholunate ligament
(ligament of Testut), which pro-
vides a check on scaphoid proximal
pole motion and has also been
described as a remnant of vascular
ingrowth to the carpus during the
embryologic state. The ulnocarpal
complex consists of the ulnolunate
ligament, the triangular fibrocarti-
lage, the ulnar collateral ligament,
and the dorsal and palmar radioul-
nar ligaments. The dorsal extrinsic
ligaments are three ligaments that
originate on the dorsal rim of the
radius and insert distally: (1) the
radiotriquetral ligament, which is
an important stabilizer to prevent
volar intercalated segment insta-
bility (VISI); (2) the radiolunate
ligament; and (3) the dorsal radio-
scaphoid ligament.

The intrinsic ligaments are
thicker and stronger volarly than
dorsally and are grouped according
to their length. The short intrinsic
ligaments connect the bones of the
distal carpal row. These ligaments
seldom fail as a result of injury. The
intermediate intrinsic ligaments
include the scapholunate ligament,
the lunatotriquetral ligament, and
the ligaments connecting the
scaphotrapezial joint. Two long
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Fig. 1 Left, Sagittal section through the wrist. C = capitate; H = hamate; L = lunate; M =
meniscus homologue; S = scaphoid; T = triquetrum; TF = triangular fibrocartilage. Right,
Sagittal section through wrist with distraction. MC = midcarpal joint; R = radius; RC = radio-
carpal joint; RU = distal radioulnar joint; U = ulna. Arrows indicate scapholunate and luna-

totriquetral ligaments.

intrinsic ligaments are present. The
dorsal intrinsic intercarpal ligament
passes from the scaphoid to the cap-
itate and the triquetrum. The long

palmar intrinsic ligament is referred
to as the V, or deltoid, ligament. It
originates from the scaphoid and tri-
quetrum and inserts on the capitate

in aV-shaped pattern. This ligament
provides stability to the midcarpal
joint.

Mayfield and associates* have
measured the stress-strain behavior
of these ligaments and the load at
failure. Their data indicate that the
interosseous ligaments of the proxi-
mal row are stronger than the volar
capsular ligaments and play an
important role in carpal stability.

Kinematics

The carpal articulations allow
motion in two planes: flexion-exten-
sion and radial-ulnar deviation. The
average total arc of wrist flexion-
extension is 121 degrees, with a
range of 84 to 169 degrees.> Of this
total, approximately half of the
motion occurs at the radiocarpal
joint and half occurs at the mid-
carpal joint. Radial ulnar deviation
is also distributed across the two
joints, with 60% occurring at the
midcarpal joint and 40% at the radio-
carpal joint.5 The center of rotation
of the wrist about which these

Medial LT

Medial

Fig.2 Wrist ligaments (right hand). Left, Palmar ligaments. Extrinsic: M = meniscus homologue; RC = radial collateral; RL = radiolunate;
RSC = radioscaphocapitate; RSL = radioscapholunate; UC = ulnar collateral; UL = ulnolunate. Intrinsic: LT = lunatotriquetral; SL = scapho-
lunate; V = deltoid. Right, Dorsal ligaments. Extrinsic: RL = radiolunate; RS = radioscaphoid; RT = radiotriquetral. Intrinsic: CH = capi-
tohamate; DIC = dorsal intercarpal; TC = trapeziocapitate; TT = trapeziotrapezoid.
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motions occur lies within the head of
the capitate.

The midcarpal and radiocarpal
joints not only contribute different
amounts of motion to radial and ulnar
deviation, but also rotate in different
directions. As the wrist moves from
radial to ulnar deviation, the proximal
row rotates from a position of flexion
to one of extension. This rotation is
reversed with a return to the radial
deviated position. Linscheid et al'
believe that this rotation occurs
through pressure on the distal pole of
the scaphoid, which is forced into flex-
ion with radial deviation. This causes
flexion of the lunate through its
interosseous attachment to the proxi-
mal pole of the scaphoid. The alterna-
tive theory expressed by Weber’ is
that the helicoid shape of the tri-
quetrohamate joint causes the distal
row to translate palmarly with radial
deviation, which puts pressure on the
palmar aspect of the proximal row,
causing it to rotate into flexion. This
theory emphasizes the concept of the
proximal row as the intercalated seg-
ment and suggests its control through
both ligamentous and contact-surface
constraints.

Classification of Carpal
Instability

Carpal instability results from the
loss of the normal ligamentous and
bony constraints that control the
wrist. This loss of stability is most
prominent when a compressive load
is applied to the wrist. Two types of
carpal instability have been
described by Dobyns and his col-
leagues®89: dissociative and nondis-
sociative. This classification system
includes instability patterns that
relate to trauma as well as inflam-
matory disease. Dissociative carpal
instability can result from a tear of
an intrinsic ligament. Nondissocia-
tive carpal instability can occur from
a tear of the extrinsic ligaments that
support the wrist, causing mid-
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carpal or radiocarpal instability.
This two-part classification system
incorporates the components of a
previous system, which classified
instability on the basis of the location
of the instability within the wrist.

The four major types of carpal
instability seen clinically are dorsi-
flexion instability, palmar flexion
instability, ulnar translocation, and
midcarpal instability. Dorsiflexion
instability results from ligamentous
disruption between the scaphoid and
the lunate, allowing the scaphoid to
rotate into volar flexion. The remain-
ing components of the proximal row,
the lunate and the triquetrum, rotate
into extension or dorsiflexion due to
the loss of their connection to the
scaphoid and its previously described
effect on rotation of the proximal
row. Proximal migration of the capi-
tate, with shortening of the carpus,
then causes the capitate to be dis-
placed dorsal to the long axis of the
radius. A zigzag radiolunatocapitate
alignment is produced with a dor-
sally rotated lunate; this is called dor-
sal intercalated segment instability
(DISI) (Fig. 3). This is the most com-
mon clinical pattern of carpal insta-
bility. In the above-noted two-part
classification system this is classified
as dissociative carpal instability, dor-
sal intercalary segment type.

Palmar flexion instability results
from an opposite injury mechanism.
A disruption occurs in the ligamen-
tous support of the lunate and tri-
quetrum. This results in volar
rotation of the lunate and extension
of the triquetrum, producing a VISI
pattern. This is the second most
common type of instability seen.
Lunatotriquetral dissociation is
classified as dissociative carpal
instability, volar intercalary seg-
ment type.

Ulnar translocation results in an
ulnar shift of the carpus. This rarely
results from an injury but is fre-
quently seen in wrists that are
affected by rheumatoid arthritis.

Fig. 3
with volar flexion of the scaphoid creates a

In DISI, dorsal rotation of the lunate

zigzag collapse deformity. In VISI, volar
rotation of the lunate and extension of the
triqguetrum occur.

Midcarpal instability is com-
monly seen after a malunited frac-
ture of the distal radius with reversal
of the normal palmar tilt and sec-
ondary subluxation of the carpus
resulting in instability. It can also
occur with a ligamentous injury to
the midcarpal joint. This is, how-
ever, a complex form of instability.
Due to the limited amount of scien-
tific data pertaining to treatment of
midcarpal instability and the limited
scope of this article it will not be dis-
cussed. We will limit further discus-
sion to DISI and VISI patterns.

Carpal instabilities are also classi-
fied as static or dynamic. Static
instability exists when routine radio-
graphs clearly demonstrate loss of
normal carpal alignment. Dynamic
instability exists when routine radio-
graphs are normal, but instability is
demonstrated by either manipula-
tion or active motion.

Mechanism of Injury

Mayfield et al'® loaded cadaver
wrists in extension, ulnar deviation,
and carpal supination and observed
the resulting injury patterns. Pro-
gressive perilunar instability was
divided into four stages (Fig. 4). At
the end of stage I, scapholunate dias-
tasis is present, similar to the most
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Fig. 4 Progressive perilunar instability as
classified by Mayfield et al'%: stage I,
scapholunate diastasis; stage Il, dorsal dis-
location of the capitate; stage Ill, lunatotri-
quetral dissociation; stage 1V, lunate
dislocation.

frequent type of carpal instability
seen clinically. As loading pro-
gresses, dorsal dislocation of the
capitate occurs at stage Il. Stage Il is
characterized by lunatotriquetral
dissociation; stage 1V, by dislocation
of the lunate.

This experimental work pertains
to injuries on the spectrum from DISI
to perilunate dislocation. It corre-
lates with the clinical mechanism of
injury, which is usually caused by a
fall on an outstretched arm, placing
the wrist into dorsiflexion, ulnar
deviation, and supination. The
direction and point of application of
the force and the position of the hand
at impact determine whether there
will be a fracture or carpal instability,
as well as the type of instability.

Diagnosis

A provisional diagnosis of a spe-
cific carpal instability can be made
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only by obtaining an appropriate
history and a detailed examination
of the wrist. The provisional diag-
nosis can then be clarified with the
use of appropriate radiologic stud-
ies.

Patients with carpal instability
present with a history of pain, weak-
ness, giving way of the wrist, and
frequently a click or snapping sensa-
tion with repetitive motion. A his-
tory of injury involving extension,
ulnar deviation, and carpal supina-
tion is usually present.

Physical Examination

Physical examination reveals point
tenderness over the affected ligaments,
such as those of the scapholunate and
lunatotriquetral articulations. Pain is
frequently present at extremes of
motion, often with a painful click.

Specific dynamic examination
maneuvers have been described by
several authors to diagnose specific
instabilities. Watson’s test for
scapholunate instability involves
pressure by the examiner’s thumb
on the volar aspect of the distal pole
of the scaphoid. This pressure
reduces the collapsed position of the
scaphoid. The scaphoid is main-
tained in this position as the wrist is
brought from ulnar to radial devia-
tion, eliciting a painful “clunk” as
the proximal pole of the scaphoid is
subluxated dorsally onto the rim of
the radius.

Kleinman has described a
“shear” test for dynamic lunatotri-
quetral instability. This test is per-
formed with the wrist in neutral
rotation. The examiner’s contralat-
eral thumb is placed over the dorsal
body of the lunate at the edge of the
distal radius. With the lunate sup-
ported, the examiner’s ipsilateral
thumb directly loads the pisotrique-
tral joint in an anteroposterior (AP)
plane, creating a shear force across
the lunatotriquetral joint that pro-
duces pain or a click, or both, if

instability is present. Lunatotrique-
tral instability must also be differ-
entiated from a tear of the
triangular fibrocartilage by direct
palpation. Pain on forearm rotation
indicates pathologic changes in the
distal radioulnar joint rather than
the lunatotriquetral joint.

Radiographic Examination

Radiographic examination is
obtained after clinical examination
by obtaining posteroanterior (PA)
neutral rotation and lateral views to
evaluate the symmetry of carpal
alignment and joint space. Radiolu-
natocapitate alignment is evaluated
on a lateral view. Additional views
are required to demonstrate dynam-
ic instability patterns.

The typical radiographic find-
ings in a patient with scapholunate
dissociation include a scapholunate
gap greater than 3 mm (Fig. 5). This
gap is usually more noticeable on a
supinated AP film of the wrist than
on the standard PA view. The
scaphoid is palmar flexed, result-
ing in a shortened appearance of
the scaphoid and the cortical ring
sign, which is produced by the cor-
tex of the distal pole when viewed
in cross section. Posteroanterior
films taken in ulnar deviation with
a clenched fist to provide a com-
pressive load will show widening
of the scapholunate interval. Lat-
eral radiographs demonstrate the
rotated position of the scaphoid
and lunate into the DISI position.
This is measured by the scapholu-
nate angle, which normally aver-
ages 47 degrees (range, 30 to 60
degrees) and increases to more
than 70 degrees in patients with
scapholunate instability (Fig. 6).

Lunatotriquetral dissociation
also has typical radiographic find-
ings (Fig. 7). APA view will show
a cortical ring sign and a short-
ened scaphoid due to palmar flex-
ion without widening of the
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scapholunate interval. The lunate is
palmar flexed and triangular in
appearance. Clear widening of the
lunatotriquetral interval is not pres-
ent. On the lateral view, the lunate is
palmar flexed, with a scapholunate
angle less than 30 degrees (Fig. 8).

Ulnar translocation can be identi-
fied radiographically by the method
of McMurtry et al*! (Fig. 9). With this
method the distance between the cen-
ter of the head of the capitate and a
line extending the longitudinal axis of
the ulnais divided by the length of the
third metacarpal. In normal wrists
this ratio is 0.30 = 0.03. The ratio is
smaller in wrists with ulnar transloca-
tion.

Routine radiographs are fre-
quently normal in cases of dynamic
instability. Special views should be
obtained in those positions in which
the patient can elicit the painful click.
If these views remain undiagnostic,
cineradiography should be employed
to view the dynamic shift of the car-
pus eliciting clinical symptoms.

Other Radiologic Studies

Additional studies may be neces-
sary, particularly in dynamic instabil-
ity. Bone scintigraphy may be useful to
localize the pathology and to avoid
missing an occult fracture. A triphase
study should be performed. A positive
scan is nonspecific and cannot be used
alone in diagnosing carpal instability.

Arthrography is helpful in diag-
nosing intraosseous ligament tears. A
triple-injection study should be per-
formed if the initial radiocarpal injec-
tion study is negative. This involves
injection of contrast material into both
the midcarpal and the distal radioul-
nar joints, which increases the sensi-
tivity of the test.

Arthroscopy can be performed as
an alternative to arthrography. It can
more accurately identify intra-articu-
lar pathology, including degenerative
changes and partial ligament tears,
but is an operative procedure with
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Fig. 5 Scapholunate dissoci-
ation. The scaphoid is palmar
flexed, producing a cortical
ring sign. A gap is present

Trapezoidal between the scaphoid and the
lunate lunate. The lunate appears
trapezoidal.
Gap
I
30" to 60° Normal

Fig. 6 Scapholunate angle measurement in normal wrist and in carpal instability.
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Arc
disruption

Fig. 7 Lunatotriquetral instability. Short-
ened scaphoid and cortical ring sign are
present without scapholunate widening.
Lunate appears triangular. Lunatotriquetral
widening is not present.

obvious risks not present with
arthrography and noninvasive tests.

Computed tomography is not use-
ful in the diagnosis of carpal insta-
bility. The usefulness of magnetic
resonance imaging is as Yyet
unproved, but is evolving as better
coils improve resolution.

Treatment

The treatment of carpal instabilities
is based on several factors relating
to the time of presentation after
injury, the degree of ligamentous
injury, and the presence of de-
generative change in the wrist.
Acute injuries are capable of
ligamentous healing if diagnosed
early and treated appropriately.

John M. Bednar, MD, and A. Lee Osterman, MD

Initial evaluation should include
routine radiographs; if these are
normal, aspiration is performed to
look for intra-articular blood or fat
droplets indicative of an occult
fracture. If the aspiration is posi-
tive, a diagnosis of ligament tear or
occult fracture is made, and
immobilization is instituted for 6
weeks. If symptoms persist or a
clinical stress examination demon-
strates instability, arthrography is
indicated. A positive arthrogram
indicates that arthroscopy should
be performed to fully evaluate the
ligament damage, followed by
either arthroscopically guided
reduction and pinning or open
reduction and ligament repair.
Open repair is preferred to closed
percutaneous pinning except in the
case of acute ligament injuries.
The open repair of subacute
injuries diagnosed at 4 weeks to 6
months gives excellent results
when torn intercarpal ligaments
are reattached.?

In our opinion, all acute tears that
present with abnormal initial radio-
graphs should be treated with
arthroscopic evaluation and either
arthroscopically guided reduction
and pinning or open reduction and
ligament repair.

Chronic tears, defined as those
present 12 months or more after
injury, have more significant carpal
changes and will not respond to
closed treatment or ligament repair.
The rigidity of the carpal collapse and
the degree of secondary degenerative
change must be determined, since

Fig. 8 Lunatotriquetral
instability as seen in lateral
view. The lunate and
scaphoid are palmar flexed
with a reduced scapholunate
angle.
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Fig.9 Ulnar translocation can be identified
radiographically from the ratio of the dis-
tance between the center of the capitate and
a line along the longitudinal axis of the ulna
(L2) divided by the length of the third
metacarpal (L1). In normal wrists this ratio
is 0.30 + 0.03; it is decreased in wrists with
ulnar translocation.

they will influence treatment alterna-
tives. Chronic scapholunate instabil-
ity can be treated by ligament
reconstruction and capsuloplasty or
intercarpal arthrodesis. If the collapse
deformity is reducible, ligament
reconstruction and supplementation
by a dorsal capsulodesis, as described
by Blatt,® may be considered (Fig. 10).
If a fixed deformity is present, any
attempt at ligamentous reconstruc-
tion will fail; therefore, intercarpal
arthrodesis should be performed to
stabilize the relation between the
proximal row and the distal row. This
is accomplished by reduction of the
scaphoid and maintenance of this
position by means of scaphocapitate
or scaphotrapeziotrapezoid arthrode-
sis (Fig. 11).

Intercarpal fusion is preferred for
manual laborers and athletes due to
the repetitive high stress applied to
the wrist. If advanced degenerative
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Dorsal flap
from ligament

Rotated scaphoid

Ligament inserted to
derotate scaphoid

Pull-out wire

Notch for
ligament insertion

Fig. 10 Technique of dorsal
capsulodesis. Top, A proxi-
mally based flap of dorsal
wrist capsule is raised, and a
notch is created in the distal
pole of the scaphoid. Bot-
tom, The scaphoid is dero-
tated, and the capsule is
inserted into the scaphoid by
a pull-out wire to maintain
the reduced position.

change is present at the time of eval-
uation, radiocarpal or midcarpal
arthrodesis should be performed,
rather than ligament reconstruction
or intercarpal arthrodesis, which
will continue to transmit force across
a degenerated joint.
Lunatotriquetral tears are treated
with a similar approach. The triangu-
lar fibrocartilage must be assessed
and treated as well as the intraosseous
ligament. Late instability will require

Fig. 11 Scaphotrapeziotrapezoid arthrode-
sis.
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reconstruction of the extrinsic radio-
triquetral ligamentas well as the luna-
totriquetral intraosseous ligament.
Lunatotriquetrohamate fusions are
recommended for rigid VISI instabil-
ity (Fig. 12). Ulnar abutment must be
considered in patients with positive
ulnar alignment and should be
treated by ulnar shortening at the
time of arthrodesis.

Summary

Injury to the ligaments of the wrist is
a frequent consequence of a fall on
the wrist. The accurate early diag-
nosis and treatment of the resultant
carpal instability can significantly
improve the functional outcome and
prevent long-term disability. All
“wrist sprains” must be assessed
with a careful history, physical
examination, and radiographic
examination. Additional radiologic
studies should be performed as indi-
cated. Carpal instabilities diagnosed

within 4 to 6 weeks of the injury are
treated by arthroscopic evaluation
and either closed reduction and
arthroscopically guided pinning or
open ligament repair. Injuries diag-
nosed between 6 weeks and 6
months after injury are treated by
open ligament repair and ligament
augmentation. Patients treated
between 6 and 12 months after
injury are treated by either ligament
reconstruction or intercarpal arthro-
desis, depending on the ability to
restore normal carpal alignment.
Most patients treated longer than 12
months after injury require inter-
carpal arthrodesis unless diffuse
degenerative change is present, in
which case radiocarpal arthrodesis
is indicated. The patient’s age, occu-
pation, and avocations also influ-
ence the treatment algorithm,
favoring arthrodesis for those who
apply significant stress to the wrist.

Fig. 12 Treatment alternatives for luna-
totriquetral instability. Top, Ligament
repair. Middle, Ligament reconstruction.
Bottom, Arthrodesis.

Journal of the American Academy of Orthopaedic Surgeons



John M. Bednar, MD, and A. Lee Osterman, MD

References

1.

Linscheid RL, Dobyns JH, Beabout JW, et
al: Traumatic instability of the wrist: Diag-
nosis, classification, and pathomechanics.
J Bone Joint Surg 1972;54A:1612-1632.
Taleisnik J: The ligaments of the wrist.
Hand Surg 1976;1A:110-118.

Berger RA, Landsmeer JM: The palmar
radiocarpal ligaments: A study of adult
and fetal human wrist joints. J Hand Surg
1990;15A:847-854.

Mayfield JK, Johnson RP, Kilcoyne RF:
The ligaments of the human wrist and
their functional significance. Anat Rec
1976;186:417-428.

Sarrafian SK, Melamed JL, Goshgarian
GM: Study of wrist motion in flexion and
extension. Clin Orthop 1977;126:153-159.

Vol. 1, No. 1, Sept./Oct. 1993

10.

Ruby LK, Cooney WP IIl, An KN, et al:
Relative motion of selected carpal
bones: A kinematic analysis of the nor-
mal wrist. J Hand Surg 1988;13A:1-10.
Weber ER: Concepts governing the
rotational shift of the intercalated seg-
ment of the carpus. Orthop Clin North
Am 1984;15(2):193-207.

Dobyns JH, Linscheid RL, Chao EY, et
al: Traumatic instability of the wrist.
Instr Course Lect 1975;24:182-199.
Cooney WP Ill, Linscheid RL, Dobyns
JH: Carpal instability: Treatment of lig-
ament injuries of the wrist. Instr Course
Lect 1992;41:33-44.

Mayfield JK, Johnson RP, Kilcoyne RK:
Carpal dislocations: Pathomechanics

11.

12.

13.

and progressive perilunar instability. J
Hand Surg 1980;5A:226-241.

McMurtry RY, Youm Y, Flatt AE, et al:
Kinematics of the wrist: Il. Clinical
applications. J Bone Joint Surg
1978;60A:955-961.

Palmer AK, Dobyns JH, Linscheid RL:
Management of post-traumatic insta-
bility of the wrist secondary to
ligament rupture. J Hand Surg 1978;3A:
507-532.

Blatt G: Capsulodesis in reconstruc-
tive hand surgery: Dorsal capsulode-
sis for the unstable scaphoid and
volar capsulodesis following excision
of the distal ulna. Hand Clin 1987;3:
81-102.

17



	Abstract
	Anatomy
	Kinematics
	Classification of Carpal Instability
	Mechanism of Injury
	Diagnosis
	Treatment
	Summary
	References
	JAAOS Home Page
	Table of Contents
	Search
	Help


