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Abstract

Introduction 3T MRI has become increasingly available
for better imaging of interosseous ligaments, TFCC, and
avascular necrosis compared with 1.5T MRI. This study
assesses the sensitivity and specificity of 3T MRI compared
with arthroscopy as the gold standard.

Patients and methods Eighteen patients were exam-
ined with 3T MRI using coronal T1-TSE; PD-FS; and
coronal, sagittal, and axial contrast-enhanced T1-FFE-FS
sequences. Two musculoskeletal radiologists evaluated
the images independently. Patients underwent diagnostic
arthroscopy.

Results The classifications of the cartilage lesions showed
good correlations with the arthroscopy findings (x = 0.8—
0.9). In contrast to the arthroscopy, cartilage of the dis-
tal carpal row was very good and could be evaluated in all
patients on MRI. The sensitivity for the TFCC lesion was
83%, and the specificity was 42% (radiologist 1) and 63%
(radiologist 2). For the ligament lesions, the sensitivity and
specificity were 75 and 100%, respectively, with a high inter-
observer agreement (x = 0.8-0.9).
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Discussion 3T MRI proved to be of good value in diag-
nosing cartilage lesions, especially in the distal carpal row,
whereas wrist arthroscopy provided therapeutic options.
When evaluating the surgical therapeutical options, 3T MRI
is a good diagnostic tool for pre-operatively evaluating the
cartilage of the distal carpal row.
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Introduction

Magnetic resonance imaging (MRI) has become an impor-
tant diagnostic tool in the evaluation of wrist pain. In par-
ticular, MRI is a widely used diagnostic tool for the evalu-
ation of avascular necrosis, occult fractures, infections,
neoplasms, cartilage, intracarpal ligaments, and triangular
fibrocartilage [1-3]. An imaging evaluation of the wrist is
challenging for the radiologist, because the structures are
small and have a complex anatomy. Some investigators have
reported an image quality that is sufficient for diagnostic
purposes when imaging the wrist with a low-field-strength
(i.e., 0.5T or less); however, most magnetic resonance (MR)
imagers prefer a high-field-strength (i.e., 1T or 1.5T) [4].
MRI at 3T has become increasingly available for clinical
use and provides a better imaging of the interosseous liga-
ments and the triangular fibrocartilage complex compared
with 1.5T MRI [5-7].

The purpose of our study was to compare high-resolution
3T MR images of the wrist with the intraoperative findings
obtained by arthroscopy for detection of triangular fibro-
cartilage injuries, cartilage damage, avascular necrosis, and
intrinsic ligaments.
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Patients and methods

Eighteen patients were examined, and MRI was performed
with a 3T imaging system using coronal T1-TSE; PD-FS;
and coronal, sagittal, and axial contrast-enhanced T1-FFE-
FS sequences with a 1.5-mm slice thickness. A custom-made
dedicated bilateral phased-array surface coil with 2 X 2 ele-
ments (total area 5 X 10 cm) on each side was used with the
3T system.

The MR images were evaluated retrospectively by two
musculoskeletal radiologists working independently. Both
radiologists were blinded to the findings presented in the
surgery reports, but they knew the clinical symptoms from
the patient documents.

The pathology of the cartilage surfaces of the proximal
and distal carpal rows was classified according to the Out-
erbridge and Recht classification [8]. The signal change
with a Recht Score of 1 was very difficult to describe. With
high-resolution MRI differentiation, the grades of 2—4 were
possible. Lesions of the TFCC were classified according
to Palmer, and osteonecrosis in the plain radiographs were
classified according to Lichtman. The existence of ligament
lesions and synovialitis was also analysed.

Patients underwent subsequent arthroscopy of the wrist
by board certified hand surgeons. Wrist arthroscopy was
performed under an axillary block or general anaesthesia
using standard small joint arthroscopes (diameter 2.4 mm)
with 30° viewing angles (Karl Storz, Tuttlingen, Germany)
and distraction of the wrist via finger traps. The radiocarpal
joint was examined using the 3/4 dorsal compartment por-
tal. The 6R portal was used as a second portal, especially
for repair of the TFCC or to obtain a probe. The midcarpal
joint was inspected through a portal either radial or ulnar to
the fourth compartment. Evaluation of the midcarpal joint
was not possible for three patients. The wrist cartilage at
the fossa lunata, scaphoidea, lunate, and triquetrum was
assessed using the Outerbridge classification.

Lesions of the TFCC were assessed using the Palmar
classification. The wrist arthroscopy also detected ligament
lesions of the scapholunate ligament. For osteonecrosis of
the lunate, the Bain and Begg classification based on the
number of articular surfaces of the lunate and adjacent artic-
ulation, which are non-functional, was used, but this was
not possible in all cases because of the failure to perform
arthroscopy of the midcarpal joint in three cases.

The MR findings were compared to the arthroscopic find-
ings, and the sensitivity and specificity of the MRI were
compared with the findings from arthroscopy. The 95% con-
fidence intervals were calculated from standard statistical
tables for binomial data.

Weighted kappa values (x), sensitivity, specificity, and
positive and negative predictive values were calculated. The
interobserver agreement was calculated.
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Results

Eighteen patients, 6 females and 12 males, with an average
age of 34.8 years (range 17-51 years) were examined. In
all patients, the indication for arthroscopy and MR imag-
ing was chronic wrist pain (Table 1). The initial radiologi-
cal diagnostics included plain radiographs, and then, 3T
MRI was done for specification. In three patients, there
was a suspicion of a scapholunate ligament lesion, and in
four patients, Kienbock’s disease was suspected.

After performing high-resolution MRI, lesions of the
TFCC were detected in 12 patients by radiologist 1 (MRI
1) and in 10 patients by radiologist 2 (MRI 2) (Table 2).
Among these lesions, 4 (MRI 1) and 3 (MRI 2) were clas-
sified as traumatic lesions, whereas 8 (MRI 1) and 6 (MRI
2) were classified as degenerative lesions according to the
Palmer classification. According to the arthroscopy, 6
TFCC lesions were detected, 2 of which were traumatic
lesions, and 4 of which were degenerative lesions (Fig. 1;
Table 2).

Lesions of the scapholunate ligament were detected
in three cases by both radiologists. With our MRI
sequences, we are able to distinguish the different parts
of the SL ligament. We measured with a voxel size of
0.28 x 0.28 X 1.5 mm, and this small slice thickness and
high spatial resolution allowed us to also describe the dorsal
partial ruptures of the SL ligament. During arthroscopy,
scapholunate ligament ruptures were detected in three cases
and in one additional case. Lesions of the lunotriquetral
ligament could not be detected with arthroscopy or MRI
(Table 2).

In the plain radiographs that were graded according to
Lichtman, two patients were graded 3b, one was graded
as 2, and one was graded as 4. In the MRI findings, four
patients demonstrated avascular necrosis. According to MRI
1, two were graded as 4, one was graded as 3b, and one was
graded as 1. According to MRI 2, two were graded as 4, one
was graded as 3b, and one was graded as 2 (Table 2). By
wrist arthroscopy and grading according to Bain and Begg
(*of limited value because evaluation of the midcarpal joint
was not possible in three patients), one patient was graded
as 1. This patient was later treated with a proximal row
carpectomy. Two patients were treated with an arthrodesis
and one with a proximal row carpectomy, graded as 2b, 4*
and one.

The sensitivity and specificity for the TFCC lesions for
the first radiologist (MRI 1) were 83 and 42%, respectively,
with a positive predictive value of 42% and a negative pre-
dictive value of 83%.

Concerning the ligament lesions, the sensitivity and
specificity were 75 and 100%, respectively, with a positive
predictive value of 100% and a negative predictive value
of 93%.
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Table 1 Patient data and clinical symptoms

Case Gender Age Clinical symptoms

1 F 19 Load depended pain ulnocarpal; painful ROM; 1.5 years after hyperextension

2 M 22 Permanent pain ulnocarpal; painful limitation pronation/supination >2 years; no trauma

3 F 40 Load depended pain ulnocarpal; 5 month after hyperflexion; dorsal instability DRUG

4 M 26 Intermittent pain ulnocarpal since open reduction and internal fixation for distal radius fracture; painful limita-
tion of pronation/supination

5 M 49 Intermittent pain dorsal; loss of grip strength; no trauma

6 F 49 Permanent pain ulnocarpal; painful limitation of pronation/supination; axial hyperflexion trauma >5 years ago

7 M 51 Load depended pain ulnocarpal; painful limitation of pronation/supination; 6 months after hyperflexion trauma

8 F 46 Chronic pain radiocarpal; no trauma

9 M 36 Load dependent dorsal wrist pain; increasing painful limitation ROM; hyperextension trauma 1.5 years ago

10 F 37 Load dependent dorsal wrist pain; wrist distortion 6 months ago

11 M 35 Chronic dorsal wrist pain for >5 years; painful limitation ROM; no trauma

12 M 20 Load dependent pain ulnocarpal; painful limitation ROM; hyperextension trauma 4 months ago

13 M 21 Acute dorsal wrist pain; reduction of ROM; wrist distortion

14 M 49 Chronic radiocarpal pain; painful limitation ROM; 3 months after scaphoid fracture

15 F 27 Load dependent pain; painful limitation ROM; 4 months after hyperflexion trauma

16 M 48 Chronic dorsal wrist pain; loss of grip strength; 5 months after hyperextension trauma

17 M 17 Chronic dorsal wrist pain; painful limitation Extension; axial hyperflexion >5 years ago

18 M 35 Load depended pain ulnocarpal; painful limitation of pronation/supination; 6 months after hyperflexion trauma

Table 2 Patient data and detection of TFCC lesions, osteonecrosis, and ligament lesions with 3 T MRI (2 observers) and arthroscopy

Case Gender Age TFCC

Osteonecrosis lunate SL ligament rupture LT ligament rupture

Arthroscopy MRI1 MRI2 Arthroscopy MRI1 MRI2 Arthros- MRI1 MRI2 Arthroscopy MRI1 MRI2

copy
(Geissler)
1 F 19 0 1B 1IB 0 0 0 0 0 0 0 0 0
2 M 22 0 nc InIc 1? 4 4 0 0 0 0 0 0
3 F 40 0 IB IB 0 0 0 0 0 0 0 0 0
4 M 26 IIC 0 0 0 0 0 0 0 0 0 0 0
5 M 49 1IA IA 1A 0 0 0 4 1 1 0 0 0
6 F 49 IB IB 1B 0 0 0 0 0 0 0 0 0
7 M 51 0 0 0 0 0 0 0 0 0 0 0 0
8 F 46 0 1IB 1B 1 1 2 0 0 0 0 0 0
9 M 36 0 0 0 0 0 0 2 1 1 0 0 0
10 F 37 0 0 0 0 0 0 28 0 0 0 0 0
11 M 35 0 1B IIB 42 4 4 0 0 0 0 0 0
12 M 20 IB 1B IB 0 0 0 0 0 0 0 0 0
13 M 21 1IIB 1B IIB 0 0 0 0 0 0 0 0 0
14 M 49 1A IIB IA 0 0 0 2 1 1 0 0 0
15 F 27 0 ITA 0 0 0 0 0 0 0 0 0
16 M 48 0 0 0 0 0 0 0 0 0 0 0 0
17 M 17 0 0 0 2b 3b 3b 0 0 0 0 0 0
18 M 35 0 ITA O 0 0 0 0 0 0 0 0 0

# Arthroscopically of limited value because of not using a midcarpal probe
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Fig.1 3T MRI demonstrating a traumatic TFCC lesion type Palmer I b (a T1-coronar, b T1 + Gd, and ¢ PD-FS sequence)

For the second radiologist (MRI 2), the sensitivity and
specificity for the TFCC lesions were 83 and 63%, respec-
tively, with a positive predictive value of 45% and a negative
predictive value 63%.

Concerning the ligament lesions, the sensitivity and spec-
ificity were 75 and 100%, respectively, whereas the positive
predictive value was 21% and the negative predictive value
was 100%.

They detected contrast enhancement and thinning of the
TFCC and also degenerated cartilage with grade 4 thinning,
which was highly reproducible in high-resolution 3T MRI.

Concerning the detection of Kienbock’s disease, the sen-
sitivity and specificity were 100% for both observers. The
interobserver agreement between the radiologists in MRI
was very high in all parameters (k = 0.8-0.9).

Detection of osteoarthritis in the radiocarpal and midcar-
pal joints was frequently seen by either arthroscopy or MRI.
High-resolution MRI showed a very good correlation to
arthroscopy (k = 0.8-0.9) for both observers. The cartilage
pathologies on 3T MRI were classified according Recht [9].
The signal change for a Recht score 1 was very difficult to
describe. With high-resolution MRI, differentiation grades
of 2—4 were possible.

Arthroscopy failed in the evaluation of the distal carpal
cartilage row in three cases, because the anatomy was not
assessable. Unlike in the arthroscopy, the cartilage of the
distal carpal row was very good and could be evaluated in
all patients in MR images (Table 3).

Discussion
MRI has become an important and standard diagnostic
tool for evaluating pathologies of the wrist and hand.

MRI has been shown to have a high degree of accuracy
for investigating the interosseous ligaments, especially the
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Table 3 Detection of osteoarthritis in the radiocarpal and midcarpal
joint

Arthroscopy MRI 1 MRI 2
Radial fossa 3 3 3
Fossa lunate 5 5
Scaphoid-radiocarpal 3 5 6
Scaphoid—midcarpal 28 2 1
Lunate-radiocarpal 4 5 5
Lunate-midcarpal 2% 2 2
Triquetrum-radiocarpal 3 4 4
Triquetrum-midcarpal 1? 0 0
Capitate 1 2 2

4 Arthroscopically of limited value because of not using a midcarpal
probe

scapholunate ligament, avascular necrosis, occult fractures,
infections, neoplasms, cartilage, and triangular fibrocar-
tilage, and it has the benefit of being non-invasive [1-3,
10-12]. However, arthrography was found to be more accu-
rate than MRI, especially when assessing the lunotrique-
tral ligament and triangular fibrocartilage [13, 14]. CT and
MR arthrography have a very high degree of accuracy for
diagnosing tears of the SLL, LTL, and TFCC, with both of
these methods being more accurate than the conventional
MRI. [15].

Arthroscopy of the wrist joints allows direct inspection
of the articular cartilage and the interosseous ligaments,
and may yield a diagnosis in 70% or more of cases [16,
17]. Arthroscopy has been found to be superior to arthrog-
raphy for detecting intraarticular pathologies, especially
in the investigation of chronic wrist pain and TFCC tears
[18-20]. When comparing arthroscopy with 1.5T MRI
and with specific wrist coils, MRI achieved a sensitiv-
ity of 80-90% [21-23], and diagnosis of TFCC injuries
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demonstrated a sensitivity of 86% and a specificity of 82%
with MRI when compared with arthroscopic findings [2].
Meier et al. demonstrated a correlation of 93.6% in detect-
ing TFCC lesions with MRI arthrography and arthroscopy;
other measures included a sensitivity of 94%, specificity
of 89%, positive predictive value of 91%, and negative
predictive value of 93% [19]. In a prospective study of 43
patients with chronic wrist pain, the sensitivity and speci-
ficity of MRI compared with arthroscopy were 0.8 and
0.7 for triangular fibrocartilage complex pathology, 0.37
and 1.0 for the scapholunate ligament, and 0 and 0.97 for
the lunotriquetral ligament, respectively [24]. Arthroscopy
and arthrotomy have been compared with an error rate for
arthroscopy of 6%, but the patients undergoing arthrotomy
were not representative of the total number of patients
studied [25].

Several studies reported that MRI was unsatisfactory for
diagnosing TFCC injuries and that it was inferior to arthros-
copy or arthrography [24, 26-29]. However, this depends
on the slice thickness, which is normally 3 mm in a clinical
1.5T setting, as well as the resulting partial volume effect
and the low spatial resolution. Therefore, a reliable MR tech-
nique for accurate diagnosis of TFCC injuries is desirable.

MRI evaluation of the wrist presents special challenges
for the radiologist, because the clinically important struc-
tures of the wrist are small and have a complex anatomy
with an inadequate contrast between them and the surround-
ing structures [30]. Actually, a field strength of 1.5T has
been the reference standard for clinical MR systems and has
been used for virtually all MR applications [5-7]. A field
strength of 1.5T with a specific wrist coil can create very
good images when carefully performed and when the slices
are not too thick. Recently, a higher field strength, such as
3T, is becoming increasingly available for clinical use.

3T magnetic resonance imaging demonstrates a lin-
ear increase in the signal-to-noise ratio (SNR) compared
with lower field strength imagers, which, in turn, allows
for incremental increases in the spatial resolution without a
substantial sacrifice in time [6]. For small joints with small
ligaments and thin cartilage surfaces, 3T offers significant
improvements in the diagnostic ability with improvements
in accuracy when compared with 1.5T [5-7, 31].

The visibility of various small anatomical structures,
such as the triangular fibrocartilage complex, intercarpal
cartilage, median, and ulnar nerves, was rated significantly
higher at 3T than at 1.5T [5, 31, 32]. Examinations per-
formed with 3T MRI also showed a better detection of the
carpal ligaments [15, 32]. Furthermore, images obtained at
3T allowed microscopic analysis of the bone structure, and
differences in the structure of the spongy bone between nor-
mal and markedly osteoporotic subjects were well depicted
[33].

Comparing the diagnostic performance of 3T and 1.5T
MRI with regard to the detection of cartilage lesions
showed that with optimised high-resolution sequences, the
detection of cartilage lesions is better at 3T than at 1.5T
[8, 34-36].

Image comparison of high-resolution MRI of the wrist
and finger joints in patients with rheumatoid arthritis
revealed a better quality at higher field strengths in evalu-
ations of the extent of bone oedema, synovitis, and iden-
tification of small bone erosions. The image quality of
T1-weighted images was rated 14-22% better at 3T com-
pared with 1.5 T. Moreover, the rating for the T2-weighted
images acquired at 3T was one point better in the five-point
scale used in that study [37].

Correlating 1.5T and 3T MRI with wrist arthroscopy in
patients with ulnar-sided wrist pain demonstrated a sensitiv-
ity of 85% and a specificity of 75% at 1.5T MRI compared
with the arthroscopy, whereas 3T wrist MRI had a sensitiv-
ity of 94% and a specificity of 88% [7].

The sensitivity, specificity, and accuracy of 3T wrist MRI
for the TFCC were consistently higher compared with those
of 1.5T wrist MRI. This trend suggested that 3T wrist MRI
provides improved capability for detection of TFCC injuries.
However, given the available sample size, the confidence
intervals around the point estimates are wide and overlap-
ping. Therefore, the authors concluded that further studies
are needed to confirm or refute the results of the estimated
sensitivity, specificity, and accuracy parameters.

High-resolution MRI proved to be of very good value
compared with diagnostic arthroscopy as the gold standard.
With high interobserver agreement, lesions of the TFCC
could be detected with a high sensitivity of 83%. The speci-
ficity of this method was moderate with 63%. Nevertheless,
until now, arthroscopy is the gold standard for detection of
TFCC lesions and determination of therapeutic options [38].
The high diagnostic reliability is based on a thorough exami-
nation that includes complementary clinical and radiological
procedures [39].

Concerning the detection of ligament lesions and car-
tilage damage, high-resolution MRI demonstrated a high
sensitivity and specificity of 75 and 100%.

A comparison of 3T MRI and arthroscopy demonstrated
a 3T MRI sensitivity of 86% for detection of TFCC tears,
89% for detection of scapholunate tears and 82% for detec-
tion of lunatotriquetral tears. The MRI specificity for the
detection of tears was 100%. The MR arthrography sen-
sitivity for the detection of ligament and TFCC tears was
100% [40]. MRI at 3T was sensitive and specific for the
detection of wrist ligament tears. MR arthrography showed
a greater sensitivity for ligament evaluation, but it could
result in false-positive findings because of micro perfora-
tions [40].
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For ligament lesions, especially for carpal instability,
arthroscopy allows for direct inspection of all anatomi-
cal details, joint surfaces, degree of ligament tears, and
facilitates decisions for appropriate treatments to repair or
reconstruct a lesion [41]. For ligament lesions, especially
for carpal instability, arthroscopy allows direct inspection
of all anatomical details (except the palmar SL and LT
ligaments or dorsal joint surfaces), the degree of ligament
tears and facilitates the decision for appropriate treatment
to repair or reconstruct a lesion [41]. The role of arthros-
copy in SL instability is clear and proven, especially in
diagnosing pre-dynamic and dynamic instability [41, 42].
The other role is an assessment of the articular cartilage
of the radiocarpal and midcarpal joints [41].

For LT instability, arthroscopy can assess the LT liga-
ment, mobility in the LT-joint, grading of the instability,
and rule out other causes [41].

Arthroscopy is currently the gold standard for con-
firming and consolidating the diagnosis of the underlying
cause of carpal instability by staging the extent of hyper-
mobility and the degree of secondary articular cartilage
wear [41]. Another advantage of the arthroscopy is the
potential for taking tissue probes [43]. Using additional
video documentation, assessment of TFCC lesions, as well
as its tension, was improved [44].

On the contrary, some authors think that in spite of the
advantages that 3T MRI has over 1.5T MRI, using 1.5T
MRI with dedicated wrist coils is mostly sufficient [45,
46]. However, MRI is most often conducted without wrist
coils in clinical practice [47].

Further improvement with 7T wrist MRI, which pro-
vides excellent diagnostic images of the wrist, is actually
used only for research [45]. 7T MRI with increased spatial
resolution is available and promising tools for an improved
visualisation of the ulnocarpal complex [48].

Wrist arthroscopy is the ‘‘gold standard’’ in the diagno-
sis of TFCC injuries, intraarticular pathologies, and espe-
cially investigation of chronic wrist pain [45, 49]. It allows
an accurate assessment of the TFCC, and especially distin-
guishes whether a lesion is traumatic or degenerative [45].
There are several techniques to evaluate the TFCC during
wrist arthroscopy, including the trampoline [50], the hook
[51] and needle tests [52]. Furthermore, arthroscopy pro-
vides the opportunity for therapeutic interventions.

We appreciate that our study shows limitations. First,
the study group is a small patient series. Second, the
study group includes patients with heterogeneous causes
of chronic wrist pain, and the collective is divided into
several small subgroups, and thus, general recommenda-
tions cannot be given. In addition, the influence of the
surgeon’s experience in the results of arthroscopy cannot
be estimated.
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In summary, high-resolution MRI could be of good value
for the evaluation of intrinsic ligaments and cartilage dam-
age. In contrast, wrist arthroscopy provides the opportunity
for therapeutic interventions and the treatment of TFCC.
Both methods of evaluation complement each other. For
example, in patients with chronic wrist pain, especially
before carpal row carpectomy, 3T MRI could be a good
diagnostic tool to evaluate the cartilage.
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