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To retrospectively compare the presence or absence of car-
pal instability on radiographs with the findings of magnetic
resonance (MR) arthrographic evaluation of intrinsic and
extrinsic ligament tears in patients with chronic wrist pain.

The institutional review board approved this study and did
not require informed consent. Signs of carpal instability
were assessed on static and dynamic radiographs of the
wrist obtained in 72 patients (24 female, 48 male; mean
age, 36 years; age range, 14-39 years) with posttraumatic
wrist pain. MR arthrography was subsequently per-
formed. Two musculoskeletal radiologists independently
analyzed the radiographs and MR images. Each intrinsic
and extrinsic ligament was individually evaluated for the
presence of a ligament tear. The extent of the tear also was
recorded. Interobserver agreement regarding MR arthro-
graphic findings was tested by calculating k statistics. Sta-
tistical comparison between radiography and MR arthrog-
raphy was performed by using the Fisher exact test.

Twenty-five triangular fibrocartilage complex, 18 (five par-
tial, 13 complete) scapholunate ligament, and 25 (10 par-
tial, 15 complete) lunotriquetral ligament tears were visu-
alized. Twenty-two (all complete) extrinsic ligament tears
were detected: two radial collateral ligament, 10 ra-
dioscaphocapitate ligament, and 10 radiolunotriquetral liga-
ment tears. Interobserver agreement regarding intrinsic and
extrinsic ligament tear detection at MR arthrography was
excellent (k = 0.80). Nineteen patients had evidence of car-
pal instability on radiographs. Fourteen (52%) of 27 patients
with at least one complete intrinsic lesion had no sign of
carpal instability. On the other hand, the association of
scapholunate ligament and/or lunotriquetral ligament and
extrinsic ligament tears was significantly correlated (P <
.001) with carpal instability at radiography.

The presence or absence of carpal instability on radio-
graphs depends on the association between intrinsic and
extrinsic ligament tears—even partial ones—rather than
on the presence of intrinsic ligament tears alone, even
when the tears are complete.

© RSNA, 2006
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rom a mechanical standpoint, the

wrist is a complex joint of the

body. Worist instabilities are
caused by ligament and bone abnormal-
ities that result in modification of the
normal relationship between carpal
bones. Most carpal instabilities result
from acute or chronic trauma, synovitis,
and/or avascular necrosis of carpal
bones (1). The ligaments of the wrist
are either intrinsic (ie, between carpal
bones alone) or extrinsic (ie, between
carpal and metacarpal bones or be-
tween carpal bones and the radius
and/or ulna) (Fig 1) (2). It is the general
belief that the scapholunate ligament
(SLL) and lunotriquetral ligament (LTL)
are the most important intrinsic liga-
ments for carpal stability. In terms of
the extrinsic ligaments, both palmar lig-
aments and dorsal ligaments have im-
portant roles in maintaining carpal sta-
bility (3,4).

Radiography has generally been ad-
vocated as the primary diagnostic imag-
ing tool for evaluating wrist ligament
injuries (5). The spaces between the
carpal bones should always be similar in
width: 3 mm or less (6). When normal,
the capitolunate space may serve as a
guide for normal intercarpal joint width
within an individual patient. The three
arches seen on the neutral posteroante-
rior radiographic view where the third
metacarpal is coaxial with the long axis
of the radius, as described by Totty and
Gilula (7), should always be smooth in
the neutral frontal position. The first
arch corresponds to the convexity
formed by proximal articular surfaces of
the scaphoid, lunate, and triquetrum;

Advances in Knowledge

B There is an association between
carpal instability patterns seen at
radiography and extrinsic wrist
ligament tears seen at MR ar-
thrography.

B Extrinsic ligament tears in the
wrist can be visualized with MR
arthrography.

B MR arthrography is useful for de-
tecting extrinsic carpal ligament
abnormalities in association with
carpal instability.

the second arch, to the concavity cre-
ated by the proximal carpal row along
the distal surfaces of the same three
carpal bones; and the third arch, to the
proximal convexity of the distal carpal
row formed by the capitate and hamate.
Exceptions to these smooth arches are
seen (a) at arch 1 at the lunotriquetal
joint when the triquetrum is shorter in
its proximal distal dimension than the
adjacent lunate and (b) at arch 2 at the
lunotriquetral joint where there is a
type 2 lunate (ie, lunate with a large
facet that articulates with the hamate).
On static radiographic views, a bro-
ken arch is an indicator of ligament le-
sions, bone dislocation, or fracture (7).
On lateral views, malalignment and/or
important variations in the intercarpal
angle are also signs of carpal instability
(8). Although Peh and Gilula (9) re-
ported that only a true neutral-position
radiograph of the wrist is reliable for
evaluation of the carpal arches, all post-
traumatic carpal instabilities may not be
evident on conventional (static) radio-
graphic views, and according to some
authors (8), dynamic views are re-
quired. Despite reported findings, ra-
diographs provide only indirect infor-
mation about ligament lesions (10,11).
Magnetic resonance (MR) arthrography
enables direct visualization of ligament
structures and injuries. With MR ar-
thrography, the advantages of conven-
tional arthrography and standard MR
imaging are combined. The greater ac-
curacy of MR arthrography in depicting
intrinsic and extrinsic ligament injuries
compared with the accuracy of radiog-
raphy has been demonstrated (12).
The reference standard for the de-
tection of intrinsic ligament lesions re-
mains arthroscopy or open surgery.
However, arthroscopy cannot be ap-
plied as a reference standard for the
detection of extrinsic ligaments. Ac-
cording to hand surgeons, even with use
of multiportal wrist arthroscopy, the at-
tachments of the palmar and dorsal ex-
trinsic ligaments are not visualized.
Therefore, the purpose of our study was
to retrospectively compare the pres-
ence or absence of carpal instability de-
picted on radiographs with the findings
seen at MR arthrographic evaluation of

intrinsic and extrinsic ligament tears in
patients with chronic wrist pain.

Materials and Methods

Patients

The data on 72 consecutive patients (24
female, 48 male; mean age, 36 years;
age range, 14-59 years) with posttrau-
matic wrist pain who were examined
and treated from August 2001 through
December 2002 were assessed in our
retrospective study. All of these pa-
tients had presented with chronic wrist
pain or refractory pain of 2 months or
longer duration. Patients with unilateral
or bilateral wrist pain were included.
Patients who had an alternative expla-
nation for their wrist pain and carpal
instability, such as unhealed fractures of
the carpal bones or arthritis, were ex-
cluded. Twenty-eight patients under-
went arthroscopy after MR arthro-
graphic results had been obtained. The
institutional review board of Centre
Hospitalier Universitaire Vaudois ap-
proved this study and did not require
informed consent.

Routine Radiography

Static radiographs of the wrist in neu-
tral posteroanterior and lateral posi-
tions had been obtained, as described

Published online before print
10.1148/radiol.2383050013

Radiology 2006; 238:950-957

Abbreviations:

LTL = lunotriquetral ligament

RLTL = radiolunotriquetral ligament
RSCL = radioscaphocapitate ligament
SLL = scapholunate ligament

TFC = triangular fibrocartilage

Author contributions:

Guarantors of integrity of entire study, N.H.T., G.E.; study
concepts/study design or data acquisition or data analy-
sis/interpretation, all authors; manuscript drafting or
manuscript revision for important intellectual content, all
authors; approval of final version of submitted manu-
script, all authors; literature research, N.H.T., G.E., B.D.,
M.W., P.S., N.F.; clinical studies, N.H.T., G.E., B.D.; statis-
tical analysis, N.H.T., G.E., B.D., M\W., P.S., N.F.; and
manuscript editing, all authors

Authors stated no financial relationship to disclose.

Radiology: \/olume 238: Number 3—March 2006

951



Radiology

MUSCULOSKELETAL IMAGING: Carpal Ligament Injuries and Instability Patterns

Theumann et al

by Peh and Gilula (9). True neutral pos-
teroanterior wrist radiographs were ac-
quired, with the long axes of the third
metacarpal bone and the middle radius
colinear. Dynamic views had been ob-
tained for a full carpal instability series,
as described by Schernberg (11). This
series included the acquisition of pos-
teroanterior views with ulnar and radial
deviations and translations, supination
with fist making, the acquisition of lat-
eral flexion extension views, and dorsal
and volar directed capitolunate instabil-
ity pattern, or CLIP, wrist maneuvers

(8).

Conventional Arthrography

With fluoroscopic guidance, one muscu-
loskeletal radiologist (N.H.T., with 6
years of experience in musculoskeletal
radiology) inserted a 22-gauge needle
directly through the skin from a dorsal
approach and advanced it into the mid-
carpal joint between the lunate and
hamate bones. Satisfactory needle tip
position was verified with a test injec-
tion of a small amount of iodinated con-
trast agent. Gadopentetate dimeglu-
mine (Magnevist; Schering, Berlin, Ger-
many) (1/200 mL) diluted in a solution
of half saline and half iodinated contrast
material (iopentol, Imagopaque 350;
Nycomed Amersham, Princeton, NJ)
was injected into the midcarpal joint
with fluoroscopic guidance. The safety
of the mixture injection had been veri-
fied previously in the study of Brown et
al (13). A maximum volume of 4 mL of
the solution was injected.

If communication of the midcarpal
joint with the radiocarpal joint was
present, an additional 3-4 mL was
added. If no communication could be
seen at fluoroscopy with passive wrist
motion, the distal radioulnar and the
radiocarpal joints were sequentially in-
jected from a dorsal approach with 1-2
mL and 3-4 mL of the solution, respec-
tively. Fluoroscopic spot views were ob-
tained during the injections to show
leakage of contrast agent and opacifica-
tion of the joints. After each compart-
ment injection, the radiologist per-
formed passive movements of the wrist
with videofluoroscopic guidance to visu-
alize passive leakage. Conventional pos-

teroanterior and lateral radiographs
were then obtained. The volume of con-
trast material injected per wrist varied
between 4 and 9 mL. Three-compart-
ment arthrography was generally ac-
complished within 15 minutes.

MR Arthrography

MR arthrography was performed within
30 minutes after conventional arthrog-
raphy. No additional contrast agent was
administered. The MR images were ob-
tained by using a 1.5-T unit (Symphony;
Siemens, Erlangen, Germany) with a
dedicated wrist coil. The hand was
placed in the prone position, with the
wrist in a neutral position in the center
of the bore and the center of the wrist
pinpointed by the laser mark. Four se-
quences were performed: sagittal T1-
weighted spin echo with fat saturation
(516/24 [repetition time msec/echo time
msec|), transverse T1l-weighted spin
echo (537/19), coronal T2-weighted spin
echo with fat saturation (4050/64), and
three-dimensional dual-echo steady state
with a 12-cm field of view and a 0.6-
1.0-mm effective section thickness (60/
10, 20° flip angle, one acquisition, 256 X
256 matrix).

Image Evaluation

Retrospective analyses of the radio-
graphs and MR arthrographic images
were performed independently by two
musculoskeletal radiologists (B.D. and
N.H.T., with 13 and 6 years of experi-
ence in musculoskeletal radiology, re-
spectively). They were not aware of the
clinical or surgical findings. The abnor-
mal carpal alignment (ie, dorsal or ven-
tral intercalated segmental instability,
scapholunate diastasis, lunotriquetral
offset, ulnar translation, and/or dorsal
or volar radiocarpal subluxation) seen
on static and dynamic radiographs was
assessed. On the conventional arthro-
graphic and MR arthrographic images,
each intrinsic and extrinsic wrist liga-
ment was evaluated. Communicating
and noncommunicating tears of the tri-
angular fibrocartilage (TFC) were dis-
tinguished. The other components of the
TFC complex were included in the extrin-
sic ligament evaluation. The scapholu-
nate and lunotriquetral intrinsic liga-

ments were evaluated for communicat-
ing and noncommunicating tears. A
defect extending through a part (pal-
mar, midportion, or dorsal) of a liga-
ment was considered a partial tear. A
tear extending through all three parts of
a ligament or the absence of the liga-
ment was considered to represent a
complete tear. High signal intensity vi-
sualized through the entire cross section
of an extrinsic ligament was considered
to indicate complete tear, whereas high
signal intensity in only a part of the

]

b.

Figure 1:  Illustrations of extrinsic carpal liga-
ments. (a) Palmar aspect of left wristand (b) dorsal
aspect of right wristare shown. DRTL = dorsal
radiotriquetral ligament, DSTL = dorsal scapho-
triquetral ligament, DUTL = dorsal ulnotriquetral
ligament, PUTL = palmar ulnotriquetral ligament,
RCL = radial collateral ligament, RLTL = radio-
lunotriquetral ligament, RSCL = radioscapho-
capitate ligament, STL = scaphotriquetral liga-
ment, ULL = ulnolunate ligament.
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cross section of an extrinsic ligament
was considered to indicate partial tear.

Statistical Analyses

Interobserver agreement regarding the
MR arthrographic findings was tested
by calculating k statistics (14). Accord-
ing to the procedure of Timins et al
(15), TFC lesions were separated from
SLL and/or LTL lesions to calculate the

association between intrinsic ligament
lesions and carpal instability, with
knowledge that the SLL and LTL are the
most important intrinsic ligaments (es-
pecially the dorsal portion of the SLL
and the palmar portion of the LTL) for
maintaining carpal stability (15,16).
Fisher exact tests were performed by
using JMP, version 5.0.1a, software
(SAS Institute, Cary, NC) to evaluate

Table 1

Carpal Ligament Injuries Diagnosed at MR Arthrography

MR Arthrography—based

Intrinsic Ligaments

Extrinsic Ligaments

Diagnosis TFC* SLL LTL STTL RCL RSCL RLTL
Noncommunicating tear 10 (7) 0 0 0 0 0 0
Partial communicating tear 15(12) 5@1) 10(7) 1 0 0 0
Complete tear 0 13(9) 15 (11) 0 2 10 (0) 10 (0)

Total 25 18 25 1 2 10 10

Note.—Data are numbers of ligament tear lesions. The numbers of the given tears confirmed at arthroscopy are in
parentheses. RCL = radial collateral ligament, STTL = scaphotrapeziotrapezoidal ligament.

*Only noncommunicating versus communicating tears are reported.

Table 2

the correlation between SLL and/or LTL
lesions, the radiographic signs of carpal
instability, and the correlation between
SLL and/or LTL lesions associated with
extrinsic ligament injuries and radio-
graphic signs of carpal instability.

Ligament Tear Lesions

Twenty-five TFC, 18 SLL, 25 LTL, one
scaphotrapeziotrapezoidal  ligament,
and 22 extrinsic ligament tear lesions
were visualized in 60 patients at MR
arthrography (Table 1). All intrinsic lig-
ament tears seen at MR arthrography
were confirmed in the 28 patients who
underwent arthroscopy, but no extrin-
sic ligament tears were visualized with
arthroscopy (Table 2). The signs of car-
pal instability are reported in Table 2. In
12 patients, no ligament lesion was seen
at MR arthrography. Of the 25 TFC le-
sions, 10 were noncommunicating and

Associations between SLL, LTL, and/or Extrinsic Ligament Tears and Radiographic Signs of Carpal Instability

Patients with Signs of Carpal Instability

Patients with No Sign of Carpal Instability

Patient Group on Radiographs* on Radiographs Total
Partial SLL and/or LTL Three with scapholunate diastasis, one 10 14
tears with VISI
Partial SLL and/or LTL 0 0 0
tears with extrinsic
ligament tears
Complete SLL and/or LTL Two with scapholunate diastasis, one 12 16
tears with VISI (with scapholunate
diastasis), one with DISI (with
scapholunate diastasis)
Complete SLL and/or LTL Three with scapholunate diastasis, two 2 11
tears with extrinsic with type 1 ulnar translation, one
ligament tears with type 2 ulnar translation, one
with VISI with lunotriquetral offset,
one with VISI (with scapholunate
diastasis), one with DISI (with
scapholunate diastasis)
Isolated extrinsic ligament 0 1 1
tears
No intrinsic ligament or Two with type 1 ulnar translation 28 30
isolated TFC lesion
Total 19 53 72

Note.—Data are numbers of patients.

*DISI = dorsal intercalated segment instability, VISI = volar intercalated segment instability.
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15 were communicating tears. Thirteen
of the 18 SLL tears were complete. Fif-
teen of the 25 LTL lesions were com-
plete tears. One patient had a partial
scaphotrapeziotrapezoidal ligament tear.
Combined LTL and TFC tears were ob-
served in 12 patients. Five patients had
associated SLL and TFC tears. Two pa-
tients had combined SLL and LTL inju-
ries. One patient had partially torn TFC,
SLL, and LTL structures.

All extrinsic ligament lesions were
complete tears. Extrinsic ligament tears
were found within the RSCL, RLTL, and
radial collateral ligament. Five pa-
tients had associated RSCL, RLTL,
and SLL tears; two patients, radial col-
lateral ligament and SLL tears; one
patient, RSCL and RLTL tears; three
patients, RLTL, RSCL, TFC, and SLL
tears; and one patient, RSCL, RLTL,
and LTL tears.

Eleven of 27 patients (37% of the
total 72 patients) with complete SLL
and LTL tears had associated extrinsic
lesions. One patient (1%) had an extrin-
sic tear without any associated intrinsic
tear. Fourteen patients (34%) had par-
tial SLL and/or LTL tears only. Interob-
server agreement regarding intrinsic
and extrinsic tear detection at MR ar-
thrography was excellent (k = 0.80).

MR Arthrography

Associations between the SLL and LTL
tears depicted at MR arthrography and
the signs of carpal instability seen on
radiographs are reported in Table 2.
Most patients (n = 33) had no radio-
graphic evidence of carpal instability
(Fig 2). Thirteen (48%) of the 27 pa-
tients with at least one complete intrin-
sic ligament tear had signs of carpal in-
stability at radiography. Four of these
13 patients presented with isolated
complete SLL and/or LTL tears,
whereas the remaining nine patients
had associated extrinsic ligament tears.

The ligament tears present in cases
of carpal instability that was visible on
radiographs were partial SLL tears in
two cases, partial SLL and LTL tears in
two cases, complete SLL tears in two
cases, complete SLL and LTL tears in
two cases, complete SLL-RSCL-RLTL
tears in five cases (Fig 3), complete SLL-

Figure 2

C.

Figure 2:
neutral position shows no evidence of scapholunate
dissociation or carpal instability; alignment of both
carpal rows is preserved. (b) Conventional midcarpal
arthrographic image of same wrist shows SLL (arrow) and
central TFC (arrowhead) tears. (c) Coronal three-dimen-
sional dual-echo steady-state MR image (60/10, 20° flip
angle) findings in same wrist confirm presence of volar
SLL (arrow) and central TFC (arrowhead) tears.

(a) Posteroanterior radiograph of wrist in

RSCL-RLTL tears and a communicating
TFC tear in two cases, complete SLL
and radial collateral ligament tears in
two cases, complete TFC tears in one
case, and no ligament lesion in one case.

The correlation between isolated in-
trinsic ligament tears and signs of carpal
instability on radiographs was not sig-
nificantly different from that expected
to randomly occur (P > .99). Con-
versely, the correlation between SLL
and/or LTL and extrinsic ligament tears
and signs of carpal instability was signif-
icant (P < .001).

Conventional arthrography has been
considered the reference standard for

wrist imaging to visualize communicat-
ing and noncommunicating SLL, LTL,
and TFC ligament tears (17). However,
Weiss et al (18) in 1996 found that in
their practice, conventional arthrogra-
phy was only 60% accurate for the de-
tection of TFC complex, SLL, and LTL
tears. In 1997, two studies, performed
by Oneson et al (19) and Potter et al
(20), revealed a good association be-
tween MR imaging and arthroscopy in
the detection of TFC ligament tears,
with MR imaging having 96% sensitivity
and 100% specificity. However, the sen-
sitivity of MR imaging may be as low as
56% for detection of the SLL and 31%-
76% for detection of the LTL (21). In
1999, Scheck et al (12) found MR ar-
thrography to have sensitivity and spec-
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Figure 3

e

Figure 3:

RSCL (arrow) and RLTL ().

(a) Posteroanterior radiograph of wrist in neutral position shows normal alignment of first carpal
row. (b) Anteroposterior radiograph of same wrist in supination with fist clenched shows scapholunate diastasis
(arrows). (c) Conventional midcarpal arthrographic image of same wrist shows leakage (arrow) through the
SLL. (d—f) Findings on coronal three-dimensional dual-echo steady-state MR images (60/10, 20° flip angle) of
(d) dorsal, (e) central, and (f) palmar regions of the SLL in same wrist confirm presence of complete tear (arrow),
with widening of the midportion of the scapholunate joint space. (g) Sagittal T1-weighted spin-echo MR image
with fat saturation (516/24) in same wrist shows proximal tear (arrowheads) of the common attachment of the

ificity values ranging between 90% and
100% for the diagnosis of tears of the
TFC, SLL, and LTL. In 2003, Theu-
mann et al (2) found that MR arthrog-
raphy enabled accurate visualization

of the carpal ligaments and their bone
attachments, with good association
with findings on anatomic sections. In
the present study, MR arthrography
yielded excellent interobserver agree-

ment in the assessment of ligament
tears.

Standard interpretation of wrist lig-
ament instabilities seen on radiographs
is complex and reveals only indirect in-
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formation about ligament lesions. Fur-
thermore, some dynamic radiography-
depicted instabilities, such as those in-
volving injuries to the ligaments at the
distal radioulnar joint, cannot be de-
picted with radiography alone (22).
Manton et al (21) found arch disruption
in the neutral position to have low sen-
sitivity in the evaluation of partial SLL
and LTL tears. With most dynamic in-
stabilities, alignment of carpal rows is
normal on neutral posteroanterior and
lateral views, whereas stress radio-
graphs may show malalignment (23).
Our study results confirmed these find-
ings: Carpal signs of instability on static
views were noted for only seven of the
27 patients with complete ligament
tears.

The SLL and LTL are arguably the
most important intrinsic carpal liga-
ments for maintaining carpal stability
(15). Furthermore, the dorsal portions
of the SLL ligament and the volar part of
the LTL are essential to stabilization of
the wrist because they are the intrinsic
ligaments most often injured in cases of
instability (3,15,24). By distributing
forces across the proximal row, the SLL
and LTL balance out the palmar flexion
tendency of the scaphoid and the dorsi-
flexion tendencies of the triquetrum on
the lunate. The anatomic relationships
between the distal radius, distal ulna,
and carpal bones are precise, and even
minor modifications in these relation-
ships can lead to major changes in load,
with resulting increases in pain (25).

Among the extrinsic ligaments, the
palmar radiocarpal ligaments are the
most important for carpal stability (26);
the dorsal radiocarpal and intercarpal
ligaments remain important for stabili-
zation of the scapholunate joint (3). The
dorsal radiocarpal ligament prevents
the perilunate instability that can lead to
volar intercalated segment instability,
and the dorsal intercarpal ligament pre-
vents dorsal intercalated segment insta-
bility (3). The RLTL is more important
clinically for load transference and pre-
venting ulnar translation, whereas the
RSCL mainly keeps the scaphoid in po-
sition (26). These findings regarding the
palmar radiocarpal ligaments were con-
firmed by our current study results,

which show that carpal instability asso-
ciated with extrinsic carpal ligament le-
sions involved RSCL and RLTL tears. In
our series, no dorsal extrinsic ligament
injuries were noted in any cases, either
with or without signs of carpal instabil-
ity at radiography.

Depending on the nature of the
wrist injury, partial tears of intrinsic or
extrinsic ligaments may not affect the
integrity of the joint support structures
and thus are associated with a de-
creased probability of the development
of carpal instability. Consequently,
many authors have postulated that car-
pal instability results from complete
tears (3,27,28). This theory was chal-
lenged in our study, in which 14 (52%)
of the patients with at least one com-
plete intrinsic lesion had no sign of car-
pal instability. In our study, the car-
pal instability depicted on radiographs
seemed to be related to the association
between intrinsic and extrinsic liga-
ments tears— even partial ones—rather
than to the presence of intrinsic liga-
ment tears alone, even when the tears
were complete. This conclusion is sup-
ported by other work in the literature,
which indicates that extrinsic as well
as intrinsic ligaments need to be ab-
normal to lead to intercarpal instabil-
ity (3,28).

Several limitations to our study can
be identified. First, this was a retro-
spective study; no systematic compari-
son between the MR arthrographic and
wrist arthroscopic findings was per-
formed. Only 28 arthroscopic proce-
dures were performed, but the results
of each one—with the exception of the
extrinsic ligament findings— confirmed
the MR arthrography-based diagnosis.
This limitation applied specifically to the
intrinsic and extrinsic ligament evalua-
tions. According to some hand surgeons
(29), the proximal attachments of some
palmar and dorsal extrinsic and intrin-
sic ligaments cannot be visualized with
arthroscopy, even with use of multipor-
tal wrist arthroscopy (30). In our study,
all of the extrinsic ligament tears were
located at their attachment sites.

Second, the small number of extrin-
sic ligament tears might have been due
to a delay between the trauma event

and the MR arthrographic examination,
given the rapid healing of these capsular
ligaments (31). Therefore, persistence
of carpal ligament tears should be addi-
tional proof of carpal instability. Third,
given the small number of cases, the
findings of this study have to be consid-
ered preliminary results.

In conclusion, our study results sup-
port the theory that carpal instability
patterns seen on radiographs depend on
the presence of both intrinsic and ex-
trinsic ligament tears—even partial
ones—rather than on the presence of
intrinsic ligament tears alone, even
when the tears are complete.

Acknowledgment: We thank Mrs G. Winter-
mark for her help in editing this manuscript.

References

1. Mayfield JK. Wrist ligamentous anatomy and
pathogenesis of carpal instability. Orthop
Clin North Am 1984;15:209-216.

2. Theumann NH, Pfirrmann CW, Antonio GE,
et al. Extrinsic carpal ligaments: normal MR
arthrographic appearance in cadavers. Radi-
ology 2003;226:171-179.

3. Mitsuyasu H, Patterson RM, Shah MA, Bu-
ford WL, Iwamoto Y, Viegas SF. The role of
the dorsal intercarpal ligament in dynamic
and static scapholunate instability. J Hand
Surg Am 2004;29:279 -288.

4. Reicher M. Normal wrist anatomy, biome-
chanics, basic imaging protocol, and normal
multiplanar MRI of the wrist. In: Reicher
MA, ed. MRI of the wrist and hand. New
York, NY: Raven, 1990; 17-48.

w1

. Gilula LA, Weeks PM. Post-traumatic liga-
mentous instabilities of the wrist. Radiology
1978;129:641-651.

6. Metz VM, Metz-Schimmerl SM, Yin Y. Liga-
mentous instabilities of the wrist. Eur J Ra-
diol 1997;25:104-111.

7. Totty WG, Gilula LA. Imaging of the hand
and the wrist. In: Gilula LA, ed. The trauma-
tized hand and wrist. Philadelphia, Pa: Saun-
ders, 1992; 1-18.

8. Truong NP, Mann FA, Gilula LA, Kang SW.
Wrist instability series: increased yield with
clinical-radiologic screening criteria. Radiol-
ogy 1994;192:481-484.

9. Peh WC, Gilula LA. Normal disruption of
carpal arcs. J Hand Surg Am 1996;21:561-
566.

10. Schernberg F. Roentgenographic examina-
tion of the wrist: a systematic study of the

Radiology: \olume 238: Number 3—March 2006



Radiology

MUSCULOSKELETAL IMAGING: Carpal Ligament Injuries and Instability Patterns

Theumann et al

11

12.

13.

14.

16.

17.

normal, lax and injured wrist. I. The stan-
dard and positional views. J Hand Surg Br
1990;15:210-219.

. Schernberg F. Roentgenographic examina-

tion of the wrist: a systematic study of the
normal, lax and injured wrist. II. Stress
views. J Hand Surg Br 1990;15:220-228.

Scheck RJ, Romagnolo A, Hierner R, Pfluger
T, Wilhelm K, Hahn K. The carpal ligaments
in MR arthrography of the wrist: correlation
with standard MRI and wrist arthroscopy. J
Magn Reson Imaging 1999;9:468 -474.

Brown RR, Clarke DW, Daffner RH. Is a
mixture of gadolinium and iodinated contrast
material safe during MR arthrography? AJR
Am J Roentgenol 2000;175:1087-1090.

Cohen J. A coefficient of agreement for nom-
inal scales: educational and psychological
measurement. Educ Psychol Meas 1960;20:
37-46.

. Timins ME, Jahnke JP, Krah SF, Erickson

SJ, Carrera GF. MR imaging of the major
carpal stabilizing ligaments: normal anatomy
and clinical examples. RadioGraphics 1995;
15:575-587.

Berger RA. The anatomy of the ligaments of
the wrist and distal radioulnar joints. Clin
Orthop Relat Res 2001;383:32-40.

Cooney WP. Evaluation of chronic wrist pain
by arthrography, arthroscopy, and arthrot-
omy. J Hand Surg Am 1993;18:815-822.

18.

19.

20.

21.

22.

23.

Weiss AP, Akelman E, Lambiase R. Compar-
ison of the findings of triple-injection cinear-
thrography of the wrist with those of arthro-
scopy. J Bone Joint Surg Am 1996;78:348 -
356.

Oneson SR, Timins ME, Scales LM, Erickson
SJ, Chamoy L. MR imaging diagnosis of tri-
angular fibrocartilage pathology with arthro-
scopic correlation. AJR° Am J Roentgenol
1997;168:1513-1518.

Potter HG, Asnis-Ernberg L, Weiland AJ,
Hotchkiss RN, Peterson MG, McCormack
RR Jr. The utility of high-resolution magnetic
resonance imaging in the evaluation of the
triangular fibrocartilage complex of the
wrist. J Bone Joint Surg Am 1997;79:1675-
1684.

Manton GL, Schweitzer ME, Weishaupt D,
et al. Partial interosseous ligament tears of
the wrist: difficulty in utilizing either primary
or secondary MRI signs. J Comput Assist
Tomogr 2001;25:671-676.

Kraemer BA, Gilula LA. Anatomy and func-
tion of the wrist and hand. Part 2, Anatomy
affecting the metacarpal and phalangeal
bones of the hand. In: Gilula LA, Yin Y, eds.
Imaging of the wrist and hand. Philadelphia,
Pa: Saunders, 1996; 70-78.

Dautel G, Goudot B, Merle M. Arthroscopic
diagnosis of scapho-lunate instability in the
absence of X-ray abnormalities. J Hand Surg
Br 1993;18:213-218.

24.

25.

26.

27.

28.

29.

30.

31.

Linkous MD, Pierce SD, Gilula LA.
Scapholunate ligamentous communicating
defects in symptomatic and asymptomatic
wrists: characteristics. Radiology 2000;216:

846-850.

Pfirrmann CW, Theumann NH, Chung CB,
Botte MJ, Trudell DJ, Resnick D. What hap-
pens to the triangular fibrocartilage complex
during pronation and supination of the fore-
arm? analysis of its morphology and diagnos-
tic assessment with MR arthrography. Skele-
tal Radiol 2001;30:677-685.

Nowalk MD, Logan SE. Distinguishing bio-
mechanical properties of intrinsic and ex-
trinsic human wrist ligaments. J Biomech
Eng 1991;113:85-93.

Bruckner JD, Alexander AH, Lichtman DM.
Acute dislocations of the distal radioulnar
joint. Instr Course Lect 1996;45:27-36.

Berger RA. The anatomy of the scaphoid.
Hand Clin 2001;17:525-532.

Comtet JJ, Chabaud B, Fredenucci JF. Ar-
throscopy of the wrist [in French]. Rev Prat
1994;44:1587-1594.

Viegas SF. Arthroscopic assessment of car-
pal instabilities and ligament injuries. Instr
Course Lect 1995;44:151-154.

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

Radiology: \/olume 238: Number 3—March 2006

957



